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ABSTRACT
M echanisms in v o lv in g  th e  p a r t i c i p a t i o n  o f  th ia m in e  p y ro p h o sp h a te  
w ere  p u t  fo rw ard  f o r  th e  b io s y n th e s i s  o f  a r t e m i s i a  k e to n e ,  b a k u c h io l ,  
and p re s q u a le n e  p y ro p h o s p h a te .  An i n v e s t i g a t i o n  o f  th e  s y n th e s i s  o f  
a  2 - f a m e s y l  th ia m in e  a n a lo g  was u n d e r ta k e n .  The s y n th e s i s  o f  2 - ( l -
h y d r o x y - 3 ,7 - d im e th y l - l - o c t - 6 - e n y l ) th i a m in e  c h lo r id e  h y d ro c h lo r id e  
was a c h ie v e d  in  e x c e l l e n t  y i e l d s . The d e h y d r a t io n  o f  th e  l a t t e r  
compound seem ed u n l i k e ly  w i th o u t  th e  r e a r ra n g e m e n t o f  th e  te rp e n o id  
s id e  c h a in  and th e  d e g r a d a t io n  o f  th e  t h i a z o l e  r i n g .  The s y n th e s i s  
o f  2 - ( l - h y d r o x y - 3 ,7 - d im e th y l - l - o c t - 6 - e n y l ) - 4 - m e th y 1 -5 -  (2 -h y d ro x y ­
e t h y l )  t h i a z o l e  and a  num ber o f  i t s  d e r i v a t i v e s  w ere  a c c o m p lish e d  in  
good y i e l d s .  The N - a lk y la t io n  o f  th e  l a t t e r  compounds u s in g  2 -m e th y l-
4 -a m in o -5 -c h lo ro m e th y lp y r im id in e  c h l o r i d e  h y d r o c h lo r id e  was 
u n s u c c e s s f u l .
A new m ethod f o r  th e  c o n v e r s io n  o f  2 - ( 1 - h y d ro x y e th y l ) th ia m in e  
c h lo r id e  h y d ro c h lo r id e  to  i t s  c o r re s p o n d in g  k e to n e  2- a c e t y l - 3 - ( 2-  
m ethy1 - 4 - a m in o p y r im id in -5 -y l)m e th y l- 3 a - m e th y lp e r h y d r o f u ro - [ 2 ,3 -d ]  
t h i a z o l e  was d e v e lo p e d . The l a t t e r  compound was shown to  be  c o n v e r te d  
to  2 ,1 0 -d im e th y l - 7 - a c e ty l - 9 - ( 2 - h y d r o x y e th y l ) - 7 H - p y r im id in o - [ 4 ,5 - d ]  
t h i a z o l o - [ 3 ,4 - a ]p y r im id in e  a t  h ig h e r  te m p e r a tu r e s .  The o b ta in e d  
t r i c y c l i c  compound and i t s  p r e c u r s o r  k e to n e  w ere  shown to  r e l e a s e  
a c e ta ld e h y d e  and r e g e n e r a te  th ia m in e  c h l o r i d e  h y d r o c h lo r id e  u n d e r  
a c i d i c  c o n d i t io n s .  T re a tm e n t o f  2 - ( 1 - h y d ro x y e th y l ) th ia m in e  c h lo r id e
x iv
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h y d r o c h lo r id e  w i th  p o ta s s iu m  c a rb o n a te  in  e th a n o l  was a l s o  shown to  
r e s u l t  i n  th e  r e l e a s e  o f  a c e ta ld e h y d e  and th e  fo rm a tio n  o f  th ia m in e .
The s y n th e s i s  o f  2 - ( 3 ,7 - d im e th y l - 6 - o c te n o y l ) - 3 - ( 2 - m e th y l - 4 -  
am in o p y rim id i n - 5 - y l ) m e th y l-3 a -m e th y lp e rh y d ro fu ro - [ 2 ,3 - d ] t h i a z o l e  was 
a c h ie v e d  in  good y i e l d s .  A num ber o f  t e r t i a r y  a l c o h o l  d e r i v a t i v e s  o f  
th e  l a t t e r  k e to n e  w ere  s y n th e s iz e d  v ia  G rig n a rd  r e a c t i o n s  u s in g  
brom obenzene and c i t r o n e l l y l  b ro m id e . The o x id a t io n  o f  th e  p e rh y d ro -  
fu ro  r i n g  o f  th e  o b ta in e d  a lc o h o l  w ith  m e rc u r ic  a c e t a t e  o r  io d in e  w as 
shown to  r e s u l t  i n  th e  r e l e a s e  o f  th e  te r p e n o id  k e to n e  and th e  fo rm a­
t i o n  o f  th ia m in e .
The i r r e g u l a r  te rp e n e  2 , 6 ,9 , 1 3 - t e t r a m e t h y l - 6 - v i n y l - 2 , 1 2 - t e t r a -  
d e c a d ie n e -7 -o n e  was s y n th e s iz e d  by chromium t r i o x i d e  o x id a t io n  o f  i t s  
c o r re s p o n d in g  a lc o h o l  o b ta in e d  from  a  c o n tin u o u s  f lo w  R efo rm atsk y  
r e a c t i o n  o f  c i t r o n e l l a l  and g e ra n y l  b ro m id e . T r i t iu m  la b e le d  g e r a n i o l  
and  2 - ( l - h y d r o x y - 3 ,7 - d im e th y l - l - o c t - 6- e n y l ) th ia m in e  c h lo r id e  h y d ro ­
c h lo r id e  w ere  em ployed a s  s u b s t r a t e s  i n  c e l l - f r e e  y e a s t  p r e p a r a t i o n s .  
The th ia m in e -m e d ia te d  i r r e g u l a r  c o n d e n s a tio n  o f  th e  two m o n o te rp en es  
u sed  was docum ented by TLC com parison  o f  th e  c h e m ic a l ly  and  b iochem ­
i c a l l y  s y n th e s iz e d  2 , 6 , 9 ,1 3 - t e t r a m e th y l - 6 - v in y l - 2 ,1 2 - t e t r a d e c a d i e n e -
7 -one  and t h e i r  2 ,4 -d in i t r o p h e n y lh y d r a z o n e  d e r i v a t i v e s  i n  a  v a r i e t y  o f  
s o lv e n t  sy s te m s . The p re s e n c e  o f  t r i t i u m  l a b e l  i n  th e  i r r e g u l a r  C2Q 
te rp e n o id  k e to n e  form ed  from  th e  e n z y m a tic  r e a c t i o n  was a s c e r t a in e d  
by c h ro m a to g ra p h ic  s e p a r a t i o n  o f  th e  e t h e r  s o lu b le  f r a c t i o n .  L iq u id
xv
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s c i n t i l l a t i o n  o f  th e  band c o r re s p o n d in g  to  2 ,6 ,9 ,1 3 - t e t r a m e t h y l - 6 -
v in y l - 2 ,1 2 - te t r a d e c a d ie n e - 7 - o n e  r e v e a le d  a  7.6% in c o r p o r a t io n  o f  
3
H -g e ra n io l  i n t o  th e  i r r e g u l a r  C2 Q te rp e n o id  k e to n e .
x v i
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I . INTRODUCTION
Due to  t h e i r  f r a g r a n c e ,  e s s e n t i a l  o i l s  h av e  a t t r a c t e d  m a n 's  
a t t e n t i o n  s in c e  th e  e a r l i e s t  r e c o r d s  o f  c i v i l i z a t i o n .  T hroughou t 
h i s t o r y ,  e s s e n t i a l  o i l s  have  b een  u sed  i n  i n d u s t r y ,  m e d ic in e ,  and 
p e rfu m e ry . The ro m a n tic  f e t i s h i s m  t h a t  man h a s  a s s o c ia t e d  w ith  f lo w e rs  
owes i t s  o r i g i n ,  a t  l e a s t  i n  p a r t ,  to  th e  f r a g r a n c e  o f  e s s e n t i a l  o i l s .
In  r e c e n t  y e a r s ,  th e  p h y s io lo g ic a l  m a n i f e s ta t io n s  o f  th e s e  compounds
1 o
as  p o t e n t i a l  a n t itu m o r  and a n t im ic r o b ia l  a g e n ts  h av e  a t t r a c t e d
enorm ous a t t e n t i o n  th e re b y  c r e a t in g  a d d i t i o n a l  i n t e r e s t  in  th e  c h e m is try  
o f  th e s e  p l a n t  o i l s .
The e a r l i e r  s t u d i e s  on th e s e  compounds w ere o f  a  chem otaxonom ical
n a t u r e .  W ith  th e  d evelopm en t o f  th e  m ethods o f  c h e m is t ry ,  i t  became
p o s s i b le  to  c a r r y  o u t more e l a b o r a te  s t u d i e s  on th e s e  com pounds. By th e
e a r l y  N in e te e n th  C e n tu ry , s t r u c t u r a l  s t u d i e s  on e s s e n t i a l  o i l s  w ere
i n i t i a t e d .  As e a r l y  a s  1860, B e r th e lo t^  p o s tu l a t e d  th e  s t r u c t u r a l  
fo rm u la  0^0^ 1 6 » ^ 15^ 2 4 ’ anc  ̂ ^20^30 a s  b e in g  r e l a t e d  t o  some o f  th e  
h y d ro c a rb o n s  i s o l a t e d  by W illia m s .^
S in c e  e s s e n t i a l  o i l s  o c c u r  as  m ix tu re s  o f  c l o s e ly  r e l a t e d  com pounds, 
t h e i r  i s o l a t i o n  and s t r u c t u r a l  e l u c i d a t i o n  w ere b e s e t  by s p e c i a l  d i f f i ­
c u l t i e s .  A s y s te m a t ic  m ethod f o r  p u r i f i c a t i o n  o f  th e s e  compounds was 
a c h ie v e d  by W a lla c h .^  Among th e  many in g e n io u s  m ethods d e v is e d  by
1
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3
W allach  was th e  fo rm a tio n  o f  s o l i d  a d d i t io n  p r o d u c ts  (F ig u re  1 ) .
W allach  o b ta in e d  su ch  s o l i d  p ro d u c ts  by r e a c t i n g  e s s e n t i a l  o i l s  w ith
n i t r o s y l  c h lo r id e  w hose a d d i t io n  to  o l e f i n i c  d o u b le  bonds had  a l r e a d y
been  r e p o r te d  by T ild e n .®  A p p lic a t io n  o f  o z o n o ly s i s  to  s t r u c t u r a l
e l u c i d a t i o n  o f  e s s e n t i a l  o i l s  was in t ro d u c e d  by  H a r r i s . ^  T h is  te c h n iq u e
p ro v ed  to  be  o f  immense v a lu e  i n  e s t a b l i s h i n g  th e  p o s i t i o n  o f  do u b le
bonds (F ig u re  1 ) .  A n o th er u s e f u l  m ethod, in  w h ich  c y c l i c  e s s e n t i a l  o i l s
w ere c o n v e r te d  to  known p r o d u c ts ,  was in t ro d u c e d  by Dumas® (F ig u re  1 ) .
Among th e  f i r s t  e s s e n t i a l  o i l s  c h a r a c te r i z e d  u s in g  su ch  te c h n iq u e s  w ere
g e r a n i o l , ^  limonene,-^-^ c i t r a l , H  c i t r o n e l l a l , ^  and f a m e s o l ^  (F ig u re  2 ) .
W ith f u r t h e r  d ev e lo p m en ts  o f  i s o l a t i o n  and  p u r i f i c a t i o n  m e th o d s,
i t  became p o s s i b le  to  make s t r u c t u r a l  a s s ig n m e n ts  to  a  l a r g e  num ber o f
13o i l s .  Such s t r u c t u r a l  e l u c id a t io n s  le d  W allach  to  th e  d is c o v e ry  t h a t
th e  s t r u c t u r e  o f  th e  m a jo r i ty  o f  e s s e n t i a l  o i l s  c o u ld  be  e x p la in e d  by
m u l t ip l e s  o f  a  s im p le  m o le c u la r  fo rm u la  CgHg, o r  i s o p r e n e .  In  o r d e r  to  
s im p l i f y  th e  a s s ig n m e n t o f  i s o p re n e  u n i t s  to  th e  s t r u c t u r e  o f  more 
com plex e s s e n t i a l  o i l s ,  W allach  d e s ig n a te d  a  h ead  and a  t a i l  to  th e  
is o p re n e  u n i t  as  shown in  F ig u re  3.
S in c e  th e  s t r u c t u r e  o f  a lm o s t a l l  o f  th e  e s s e n t i a l  o i l s  known
c o u ld  be e x p la in e d  by a  head  to  t a i l  p o ly m e r iz a t io n  o f  i s o p r e n e  u n i t s ,  
t h i s  a rra n g e m e n t was th o u g h t to  b e  th e  r e g u la r  mode o f  p o ly m e r iz a t io n .
A ll  o th e r  a rra n g e m e n ts  w ere  s u b se q u e n tly  l a b e le d  a s  i r r e g u l a r  (F ig u re  3 ) .  
Among th e  compounds t h a t  e x h i b i t  th e  r e g u la r  a r ra n g e m e n t a r e  g e r a n i o l ,  
l im o n e n e , c i t r a l ,  c i t r o n e l l a l ,  f a m e s o l ,  and eudesm ol (F ig u re  2 ) .
A re m is ia  k e to n e ,  b a k u c h io l ,  la v a n d u lo l ,  and c h ry s a n th e m ic  a c id  a re  
exam ples o f  i r r e g u l a r  a rra n g e m e n ts  (F ig u re  2 ) .
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As more e s s e n t i a l  o i l s  w ere i d e n t i f i e d ,  i t  becam e n e c e s s a r y  to  
c l a s s i f y  th e s e  com pounds. The nam e, t e r p e n e ,  d e r iv e d  from  German 
t e r p e n t i n ,  was g iv e n  to  any s t r u c t u r e  t h a t  c o u ld  be  d i r e c t l y  r e l a t e d  to  
i s o p r e n e  u n i t s .  A t th e  p r e s e n t  t im e ,  th e  name m ono te rp en e  i s  r e s e r v e d  
f o r  th o s e  e s s e n t i a l  o i l s  t h a t  c o n ta in  two is o p r e n e  u n i t s  (F ig u re  2 ) .  
S e s q u i - ,  d i - ,  t r i - ,  and t e t r a -  te rp e n e s  r e f e r  to  th e  compounds c o n ta in in g  
t h r e e ,  f o u r ,  s i x ,  and  e i g h t  i s o p r e n e  u n i t s ,  r e s p e c t i v e l y .  T h e r e f o r e ,  
g e r a n i o l ,  l im o n e n e , c i t r a l ,  c i t r o n e l l a l ,  a r t e m i s i a  k e to n e ,  b a k u c h io l ,  
l a v a n d u lo l ,  and c h ry sa n th e m ic  a c id  a r e  some exam ples o f  m o n o te rp e n e s . 
F a m e s o l  and eudesm ol r e p r e s e n t  s e s q u i te r p e n e s  (F ig u re  2) . A b ie t ic  a c id  
and r e t i n a l ,  shown i n  F ig u re  4 ,  a r e  exam ples o f  d i t e r p e n e s .  S q u a le n e  
and l a n o s t e r o l  a r e  c l a s s i c a l  exam ples o f  t r i t e r p e n e s  (F ig u re  4 ) .  S q u a le n e  
i s  a l s o  an exam ple o f  an  i r r e g u l a r  te rp e n e  s k e le to n  in  w h ich  two s e s q u i ­
te rp e n e s  a r e  co n d en sed  i n  a  t a i l  t o  t a i l  f a s h io n .  g -C a ro te n e  i s  an 
exam ple o f  a t e t r a t e r p e n e  (F ig u re  4 ) .
B ased upon th e  o b s e r v a t io n s  o f  W a lla c h , R u z ic k a ^  p ro p o se d  a r u l e  
t h a t  c o r r e l a t e d  th e  b io s y n th e s i s  o f  d i f f e r e n t  c l a s s e s  o f  t e r p e n e s .  T h is  
i s  known a s  th e  i s o p r e n e  r u l e  and  i t  s t a t e s  t h a t  th e  c a rb o n  s k e le to n  o f  
te rp e n e s  can  be  b ro k e n  down to  i s o p r e n e  u n i t s .  S in c e  many h ig h e r  t e r ­
p en es  and a few m o n o te rp e n e s  w ere  l a t e r  found  n o t  to  obey t h i s  r u l e , 
R u z ick a  and h i s  c o l l a b o r a t o r s  p ro p o se d  a " b io g e n e t ic  i s o p r e n e " . T h i s  
g e n e r a l i z a t i o n ,  w hich  i s  now u n i v e r s a l l y  a c c e p te d ,  s t a t e s  t h a t  n a t u r a l l y  
o c c u r r in g  te rp e n e s  a r e  d e r iv e d  e i t h e r  d i r e c t l y  o r  by p r e d i c t a b l e  s t e r e o -  
s p e c i f i c  c y c l i z a t i o n s , r e a r r a n g e m e n ts ,  and d im e r iz a t io n s  o f  g e r a n i o l ,  
f a m e s o l ,  g e r a n y l  g e r a n i o l ,  and s q u a le n e .
D u rin g  th e  d ev e lo p m en t o f  th e  is o p r e n e  r u l e ,  a  trem en d o u s am ount 
o f  r e s e a r c h  was c a r r i e d  o u t  t o  e s t a b l i s h  th e  n a t u r e  o f  th e  b io c h e m ic a l
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e q u iv a le n t  o f  i s o p r e n e .  I n  1954 , B lo c h ^  showed t h a t  l - ^ C  a n d /o r  2 - ^ C
a c e t a t e  can be  in c o r p o r a te d  i n t o  sq u a le n e  in  c e l l - f r e e  y e a s t  p r e p a r a t i o n s .
W ith t h i s  d is c o v e r y ,  th e  q u e s t io n  became co n ce rn ed  w ith  th e  n a t u r e  o f
a compound t h a t  had to  be  form ed from  a c e t a t e  and s e rv e  a s  th e  b i o l o g i c a l
e q u iv a le n t  o f  i s o p r e n e .  A num ber o f  compounds c o u ld ,  a t  l e a s t  on p a p e r ,
s e rv e  a s  p r e c u r s o r  o f  i s o p r e n e .  T hese com pounds, shown in  F ig u re  5 ,
16” X8w ere t e s t e d  f o r  i n c o r p o r a t io n  o f  l a b e l  i n t o  s q u a le n e .  The i n i t i a l
c lu e s  to  th e  n a tu r e  o f  th e  b io c h e m ic a l  e q u iv a le n t  o f  i s o p r e n e  w ere 
re c o g n iz e d  when r e s e a r c h e r s  a t  M erck found  a  g row th  f a c t o r  f o r
19-22L a c to b a c i l lu s  a c id o p h i lu s  w hich  c o u ld  be  s u b s t i t u t e d  f o r  a c e t a t e .
T h is  compound, c a l l e d  m e v a lo n ic  a c i d ,  was f i n a l l y  c h a r a c t e r i z e d  by 
2 3 ,2 4Tavomxna.
At th e  p r e s e n t  t im e ,  th e  c o n v e rs io n  o f  a c e t a t e  in t o  m e v a lo n ic
a c id  i s  known to  be a  w id e sp re a d  phenomenon in  th e  b io s p h e r e .  T h is
c o n v e rs io n  h as  been  docum ented in  m a m m a l s , i n s e c t s , ^  m ycoplasm a^®
2 9 - ^ Sand h ig h e r  p l a n t s .  7 Some o f  th e  enzymes in v o lv e d  in  t h i s  c o n v e rs io n
have been  i s o l a t e d  and  c h a r a c t e r i z e d .  The b io g e n e t i c  pathw ay s t a r t s  
w ith  a c e t y l  coenzyme A w hich  th ro u g h  a  C la is e n  c o n d e n s a tio n  form s 
a c e to a c e ty l  coenzyme A. The l a t t e r  m o le c u le  u n d e rg o es  an a l d o l  conden­
s a t i o n  w ith  a n o th e r  m o le c u le  o f  a c e t y l  coenzyme A, le a d in g  to  th e  form ­
a t io n  o f  $ -h y d ro x y - (3 -m e th y lg lu ta ry l  coenzyme A. T h is  m o le c u le  i s  th e n  
red u ce d  i n  a s t e r e o s p e c i f i c  m anner to  form  (R )-(+ )  m e v a lo n ic  a c id  
(F ig u re  6 ) .
S in c e  m e v a lo n ic  a c id  c o u ld  be  s u b s t i t u t e d  f o r  a c e t a t e  and a c e t a t e
was known to  be in c o r p o r a te d  i n t o  s q u a le n e ,  B lo c h ^  exam ined th e  p o s s i -
14b i l i t y  o f  c o n v e rs io n  o f  2 -  C -m ev alo n ic  a c id  i n t o  s q u a le n e .  The s u b se ­
q u e n t d is c o v e ry  t h a t  m e v a lo n ic  a c id  co u ld  be in c o rp o r a te d  i n t o  sq u a le n e
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w ith  g r e a t  e f f i c i e n c y ,  e s t a b l i s h e d  t h e  e q u i v a l e n c y  o f  m e v a lo n ic  a c i d  to
th e  b io c h e m ic a l  i s o p r e n e  u n i t .  The f i n a l  an sw er  t o  t h e  i d e n t i t y  o f  t h e
36b io c h e m ic a l  i s o p r e n e  u n i t  came when B loch  d i s c o v e r e d  th e  r e a c t i o n  o f  
m e v a lo n ic  a c i d  w i th  t h r e e  m o le c u le s  o f  ATP and  t h e  s u b s e q u e n t  d e c a rb o x y ­
l a t i o n  o f  th e  p h o s p h o r y l a t e d  i n t e r m e d i a t e  t o  form  i s o p e n t e n y l  p y ro ­
p h o s p h a te  ( F ig u r e  7 ) .  The b i o s y n t h e s i s  o f  i s o p e n t e n y l  p y ro p h o s p h a te  i s
37 38now known to  b e  w id e s p r e a d  i n  l i v i n g  o rg a n is m s  su c h  a s  b a c t e r i a ,  ’
39 40 4 1 -4 3  44-46y e a s t ,  5 h i g h e r  p l a n t s ,  and mammals.
Once th e  lo n g  s o u g h t  f o r  b io c h e m ic a l  i s o p r e n e  was known, a  trem en ­
dous amount o f  r e s e a r c h  was c a r r i e d  o u t  t o  show i t s  c o n v e r s io n  to  
d i f f e r e n t  c l a s s e s  o f  t e r p e n e s .  The c o n v e r s io n  o f  i s o p e n t e n y l  p y ro ­
p h o s p h a te  t o  g e r a n i o l ,  f a m e s o l ,  and s q u a le n e  was docum ented  i n  th e
1  / j  O C T  /  r t  /  7  p a
l a b o r a t o r i e s  o f  P o p ja k ,  B lo c h ,  L ynen ,  and  Tchen . ’ * 5 The
f o r m a t io n  o f  g e r a n y l  p y r o p h o s p h a te  i n v o l v e s  t h e  i s o m e r i z a t i o n  o f  one 
m o le c u le  o f  i s o p e n t e n y l  p y ro p h o s p h a te  t o  3 , 3 - d i m e t h y l a l l y l  p y ro p h o s ­
p h a t e  ( F ig u r e  7 ) .  The l a t t e r  compound u n d e rg o e s  an SN2 a t t a c k  by th e  
d o u b le  bond o f  i s o p e n t e n y l  p y r o p h o s p h a te  w i t h  s u b s e q u e n t  d e p a r t u r e  o f  
p y r o p h o s p h a t e . The e l e c t r o n  d e f i c i e n c y  o f  t h e  t e r t i a r y  ca rbon ium  io n  
form ed i s  th e n  s a t i s f i e d  by t h e  f o r m a t io n  o f  a  d o u b le  bond v i a  an E^ 
p r o c e s s .  The e n t i r e  phenomenon can  t h e r e f o r e  be  f o r m a l ly  r e g a r d e d  a s  
a  c o u p le d  S ^ - E ^  p r o c e s s . ^  The b i o s y n t h e s i s  o f  f a m e s y l  p y ro p h o s p h a te  
s t a r t s  from  g e r a n y l  p y r o p h o s p h a te  and i s o p e n t e n y l  p y ro p h o s p h a te  and 
fo l lo w s  th e  same m echanism  a s  d i s c u s s e d  f o r  g e r a n y l  p y ro p h o s p h a te  
( F ig u r e  7 ) .
At t h e  p r e s e n t  t i m e ,  i t  i s  th o u g h t  t h a t  t h e  c o n v e r s io n  o f  i s o ­
p e n t e n y l  p y ro p h o s p h a te  t o  f a m e s y l  p y r o p h o s p h a te  i s  a c c o m p lish e d  by a
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52
s i n g l e  enzyme. T h is  o b s e r v a t i o n  i s  b a s e d  on t h e  f a c t  t h a t  th e  r a t e  o f
s y n t h e s i s  o f  f a m e s y l  p y ro p h o s p h a te  from  e i t h e r  d i m e t h y l a l l y l  o r  g e r a n y l
52p y ro p h o s p h a te  and i s o p e n t e n y l  p y ro p h o s p h a te  i s  t h e  same. T h is  enzyme
h a s  b e e n  p a r t i a l l y  p u r i f i e d  from  a  v a r i e t y  o f  l i v i n g  o rg an ism s  i n c l u d i n g
. 53 . . 5 4 ,5 5  . .  .  56 , , t  . 57y e a s t ,  pxg l i v e r ,  pumpkin f r u i t ,  and b a c t e r i a .
A lth o u g h  t h e  m echanism  o f  t h e  h ead  to  t a i l  p o l y m e r i z a t i o n  o f  i s o -
33 36 47 53p r e n o id  u n i t s  h a s  b e e n  c l e a r l y  e l u c i d a t e d ,  ’ ’ t h e  mechanism o f
t h e  t a i l  t o  t a i l  and o t h e r  i r r e g u l a r  c o m b in a t io n s  o f  u n i t s  re m a in s  to  
be  d e f i n e d .  S q u a le n e ,  a r t e m i s i a  k e t o n e ,  and b a k u c h i o l  a r e  a  few exam ples  
o f  i r r e g u l a r  c o m b in a t io n s  o f  C,. u n i t s  (F ig u re  2 ) .  S q u a le n e  i s ,  by f a r ,  
th e  m ost th o r o u g h ly  s t u d i e d  i r r e g u l a r  t e r p e n e .  T h is  i s  due to  i t s  p a r t i ­
c i p a t i o n  i n  b i o s y n t h e s i s  o f  c h o l e s t e r o l ,  a  s t e r o i d  o f  p r im e  im p o r ta n c e .  
The i r r e g u l a r i t y  o f  s q u a l e n e  r e s i d e s  i n  t h e  t a i l  to  t a i l  d i m e r i z a t i o n  o f  
i t s  p r e c u r s o r ,  f a m e s y l  p y r o p h o s p h a te .
As e a r l y  a s  1926 , s q u a le n e  had  b een  p ro p o s e d  to  s e r v e  a s  an  i n t e r -
58m e d ia te  i n  t h e  b i o s y n t h e s i s  o f  c h o l e s t e r o l .  T h is  p r o p o s a l  was b a s e d
58upon an o b s e r v a t i o n  by H e i l b o m  i n  w hich  t r e a t m e n t  o f  s q u a le n e  w i th
a c i d  r e s u l t e d  i n  f o r m a t io n  o f  a  compound w i th  t h e  b a s i c  r i n g  s k e l e t o n  o f
c h o l e s t e r o l .  The b i o l o g i c a l  e q u i v a l e n t  o f  H e i l b o m 1 s i n t e r m e d i a t e  was
59l a t e r  shown to  be  l a n o s t e r o l ,  w h ich  a f t e r  some r e a r r a n g e m e n t s  i s
c o n v e r te d  to  c h o l e s t e r o l  ( F ig u r e  8 ) .
The m echanism  o f  s q u a le n e  b i o s y n t h e s i s  became o f  param oun t
61 62
im p o r ta n c e ,  o nce  i t s  c o n v e r s io n  to  c h o l e s t e r o l  was docum ented . ’
In  1957, Lynen^® showed t h a t  t h e  p r e s e n c e  o f  NADPH i n  y e a s t  p r e p a r a t i o n s  
was an e s s e n t i a l  f a c t o r  i n  f o r m a t io n  o f  s q u a l e n e .  I n  t h e  a b sen ce  o f  
NADPH, a  b u i l d - u p  o f  f a m e s y l  p y r o p h o s p h a te  to o k  p l a c e .  T h is
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63phenomenon was f u r t h e r  i n v e s t i g a t e d  by R i l l i n g  who d i s c o v e r e d  t h a t
b e s i d e s  t h e  b u i l d - u p  o f  f a m e s y l  p y ro p h o s p h a te  th e  NADPH-starved y e a s t
p r e p a r a t i o n s  p ro d u c e d  a  C^q h y d ro c a rb o n .  Upon th e  i s o l a t i o n  o f  t h i s  
63compound, R i l l i n g  d e s i g n a t e d  a  s t r u c t u r e  to  i t  and  p ro p o se d  t h a t  t h i s
compound i s  t h e  p r e c u r s o r  o f  s q u a l e n e .  R i l l i n g ’ s p ro p o s e d  s t r u c t u r e  was
64s u b s e q u e n t l y  s y n t h e s i z e d  by Corey who found  t h e  compound i n a c t i v e  i n
s q u a le n e  b i o s y n t h e s i s .  R i l l i n g ^ ’ th e n  r e i n v e s t i g a t e d  h i s  p ro p o s e d
s t r u c t u r e  and m o d i f ie d  i t  t o  w hat i s  now known a s  p r e s q u a le n e  a l c o h o l .
67P r e s q u a le n e  a l c o h o l  was s u b s e q u e n t ly  s y n th e s i z e d  by Altman and  i t  was 
found to  be  i n c o r p o r a t e d  i n t o  s q u a le n e  w i th  g r e a t  e f f i c i e n c y .  P r e ­
s q u a le n e  p y ro p h o s p h a te  i s  now th o u g h t  t o  be  a  n a t u r a l  p r e c u r s o r  o f  
5 2 ,6 8
s q u a l e n e .
None o f  t h e  num erous d i v e r s e  s p e c u l a t i o n s  c o n c e rn in g  th e  m echanism s
o f  s q u a le n e  b i o s y n t h e s i s  p u b l i s h e d  i n  t h e  1 9 6 0 's  a n t i c i p a t e d  t h e  r o l e  o f
p r e s q u a l e n e  p y r o p h o s p h a te .  S in c e  t h e  e s t a b l i s h m e n t  o f  p r e s q u a l e n e
p y ro p h o s p h a te  a s  t h e  p r e c u r s o r  o f  s q u a l e n e ,  a  number o f  m echanism s h ave
66 76-78b een  p ro p o s e d  f o r  t h e  b i o s y n t h e s i s  o f  t h e  fo rm er  compound. * Each
o f  t h e  p ro p o se d  m echanism s i s  i n  a c c o rd a n c e  w i th  t h e  s t e r e o c h e m i s t r y  o f
s q u a le n e  f o r m a t io n ,  a s  shown by th e  e l e g a n t  work o f  C o r n f o r th  and 
7Q 79-8?
P o p ja k .  ’ A l l  o f  t h e s e  mechanisms in v o lv e  a  c o n c e r te d  c o n d e n s a t io n
o f  two m o le c u le s  o f  f a m e s y l  p y ro p h o s p h a te  to  form  p r e s q u a le n e  p y r o -
78p h o s p h a te ,  van T a m e le n 's  m echanism , shown i n  F ig u r e  9 ,  i s  r e p r e s e n t ­
a t i v e  o f  t h e s e  p r o p o s a l s .
8 3 ,8 4
W ith  th e  p u r i f i c a t i o n  o f  p r e s q u a le n e  p y ro p h o s p h a te  s y n t h e t a s e
and th e  d i s c o v e r y  t h a t  th e  enzyme o p e r a t e s  u n d e r  a  p in g  pong 
81 82m echanism , * t h e  v a l i d i t y  o f  a  c o n c e r te d  ty p e  r e a c t i o n  h a s  become th e
52 87s u b j e c t  o f  s e r i o u s  c r i t i c i s m .  In  a  p in g  pong m echanism , a  c o v a l e n t





PPiF a m e s y l  P y ro p h o sp h a te
OPPOPP
OPP
OPP P r e s q u a le n e
P y ro p h o sp h a te
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R»
Hb S q u a le n e
F ig u r e  9 .  van  T a m e le n 's  mechanism f o r  p r e s q u a le n e  b i o s y n t h e s i s .
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bond be tw een  t h e  enzyme and s u b s t r a t e  i s  form ed l e a d i n g  to  th e  f o r m a t io n
88o f  a  b i n a r y  com plex. The p r o d u c t  i s  th e n  r e l e a s e d  and a  new form  o f
t h e  enzyme r e a c t s  w i t h  t h e  s e co n d  s u b s t r a t e  l e a d i n g  t o  t h e  r e l e a s e  o f  t h e
f i n a l  p r o d u c t  and r e v e r s i o n  o f  t h e  enzyme t o  t h e  o r i g i n a l  fo rm . The
c r i t i c i s m  o f  t h e  e a r l i e r  p r o p o s a l s * ^ ^  i s ,  t h e r e f o r e ,  due t o  t h e  f a c t
52
t h a t  a  c o n c e r t e d  ty p e  r e a c t i o n  w ould  n o t  f i t  a  p in g  pong m echanism.
At th e  p r e s e n t  t im e ,  v e ry  l i t t l e  i s  known a b o u t  p r e s q u a l e n e  p y ro ­
p h o s p h a te  s y n t h e t a s e .  T h is  i s  due t o  t h e  d i f f i c u l t i e s  i n  p u r i f i c a t i o n
and th e  i n h e r e n t  c o m p le x i ty  o f  t h e  enzym e. P r e s q u a le n e  p y ro p h o s p h a te
52s y n t h e t a s e  i s  th o u g h t  t o  e x i s t  i n  two fo rm s :  a  h ig h  m o le c u la r  w e ig h t
a g g r e g a te  (p o ly m e r ic  form ) and a  monomeric fo rm  o f  m o le c u la r  w e ig h t  
844 5 0 ,0 0 0 .  The monomeric form  c a t a l y z e s  o n ly  t h e  fo rm a t io n  o f  p r e -
52s q u a le n e  p y r o p h o s p h a te .  The p o ly m e r ic  fo rm , on th e  o t h e r  h a n d ,
c a t a l y z e s  b o th  th e  f o r m a t io n  o f  p r e s q u a le n e  p y ro p h o s p h a te  and i t s  s u b -
52s e q u e n t  r e d u c t i o n  by NADPH to  s q u a l e n e .  The k i n e t i c  d a t a  f o r  th e
r e d u c t i o n  s t e p  a r e  c o n s i s t e n t  w i th  an o r d e r e d  s e q u e n t i a l  a d d i t i o n  o f
84s u b s t r a t e  and r e l e a s e  o f  p r o d u c t s .  S in c e  a  r e a c t i o n  o f  t h i s  ty p e  i s
89known to  in v o lv e  a  t e r n a r y  com plex (e n z y m e -p re s q u a le n e  p y r o p h o s p h a te -
NADPH), any mechanism i n  w hich  th e  fo r m a t io n  o f  a  ca rbon ium  io n  i s  th e
52f i r s t  s t e p  becomes d o u b t f u l .  T h ree  m echanism s have  been  p ro p o s e d  t h a t
a r e  c o n s i s t e n t  w i th  t h e  k i n e t i c  d a t a  o f  t h e  seco n d  p a r t i a l  r e a c t i o n ;
, 7 7 ,8 6 ,9 0 ,9 1nam ely ,  t h e  r e d u c t i o n  o f  p r e s q u a l e n e  p y ro p h o s p h a te .
At t h e  p r e s e n t  t i m e ,  none o f  t h e  m echanism s b a s e d  on th e  k i n e t i c
d a t a  h as  g a in e d  u n i v e r s a l  a c c e p t a b i l i t y  due t o  t h e  i n h e r e n t  c o m p le x i ty
52o f  th e  enzyme sy s te m . Extrem e c a u t i o n  h a s  b e e n  a d v i s e d  f o r  t h e  i n t e r -
89p r e t a t i o n  o f  k i n e t i c  d a t a  o f  com plex enzyme s y s te m s .  I n  r e c e n t  y e a r s ,  
a  n im ber  o f  p u b l i c a t i o n s  h ave  a p p e a re d  i n  t h e  l i t e r a t u r e  t h a t  have
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
19
exam ined  th e  same enzyme s y s te m  and y e t  h ave  a r r i v e d  a t  t o t a l l y  d i f f e r e n t
, . 92 -95c o n c l u s i o n s .
A s e r i e s  o f  p r o p o s a l s  d i f f e r e n t  from  th e  p r e c e e d in g  s p e c u l a t i o n s  
have a l s o  b een  p u t  fo re w a rd  c o n c e rn in g  t h e  m echanism  o f  s q u a le n e  b i o ­
s y n t h e s i s .  T hese  p r o p o s a l s  fo c u s  on t h e  p o s s i b i l i t y  o f  in v o lv e m e n t  o f  
th ia m in e  p y ro p h o s p h a te  i n  t h e  b i o s y n t h e s i s  o f  s q u a le n e  and c a r o t e n o i d s .
T h is  p o s s i b i l i t y  was f i r s t  r e a l i z e d ,  on t h e o r e t i c a l  g ro u n d s ,  by
K o s o w e r . ^  P r a d ip  and L a r s o n ^  h ave  r e p o r t e d  t h a t  c a r o t e n o i d  p r o d u c t i o n
i n  C o ry n e b a c te r iu m  e q u i  i s  d e p e n d e n t  on t h e  p r e s e n c e  o f  th i a m in e .  I n  t h e
a b se n c e  o f  t h i a m i n e ,  no c a r o t e n o i d  p r o d u c t i o n  was o b s e rv e d  by th e s e
i n v e s t i g a t o r s .  The p r o d u c t i o n  o f  c a r o t e n o i d s  c o u ld  be r e i n i t i a t e d  upon
98
th e  a d d i t i o n  o f  s u f f i c i e n t  am ounts o f  t h i a m i n e .  S c h o p fe r  and Grob
have r e p o r t e d  t h a t  t h e  g row th  and t h e  p r o d u c t i o n  o f  c a r o t e n o i d s  i n  t h e
mold Phycom ycis  can  b e  s u p p o r te d  by a  medium c o n t a i n i n g  o n ly  th ia m in e
and ammonium l a c t a t e .  A s i m i l a r  o b s e r v a t i o n  h a s  been  made by S t a r r  and 
99S a p e r s t e i n  i n  t h e  c a s e  o f  C o ry n e b a c te r iu m  p o i n s e t t i a e . R i s i n g e r  and
D u r s t ^ ’ * ^  h av e  r e p o r t e d  t h a t  t h e  rem ova l o f  th ia m in e  from  s q u a le n e
s y n t h e s i z i n g  y e a s t  enzyme sy s te m  by d i a l y s i s  c a u s e s  a  r e d u c t i o n  i n  th e
amount o f  s q u a le n e  p ro d u c e d .  R e a d d i t i o n  o f  c a t a l y t i c  am ounts o f  th i a m in e
e l i c i t e d  th e  p r o d u c t i o n  o f  n o rm a l  am ounts o f  s q u a le n e .
In  c o n t r a s t  t o  th e  e x t e n s i v e  b i o s y n t h e t i c  s t u d i e s  on s q u a le n e ,  th e
i r r e g u l a r  t e r p e n e s ,  b a k u c h i o l  and a r t e m i s i a  k e t o n e ,  have  n o t  been  s t u d i e d
i n  d e t a i l .  I n  t h e  c a s e  o f  b a k u c h i o l , j v - e t h e n y l  p h e n o l  i s  condensed
w ith  a m o n o te rp en e  ( F ig u r e  2 ) .  Not much i s  known a b o u t  t h e  b i o s y n t h e s i s
o f  t h i s  compound. I t  h a s  b een  s u g g e s t e d ,  h o w ev e r ,  t h a t  th e  a ro m a t ic
101m o ie ty  i s  d e r i v e d  f rom  t y r o s i n e .
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A r te m i s ia  k e t o n e  (F ig u r e  2) i s  composed o f  two i s o p e n t e n y l  u n i t s .
 ̂ 7 4 ,1 0 2 -1 0 5  ,A number o f  s p e c u l a t i o n s  h av e  b e e n  p u t  fo rw a rd  c o n c e rn in g
th e  b i o g e n e s i s  o f  t h i s  compound. On t h e  b a s i s  o f  r e c e n t  l a b e l i n g  
s t u d i e s , >10^ h o w ev e r ,  o n ly  one o f  t h e  p ro p o s e d  m echanism s seems t o  be  
v i a b l e .  When 2 - ^ C - g e r a n i o l  was f e d  t o  A r t e m i s i a  a n n u a , c o n s i d e r a b l e  
s c r a m b l in g  o f  th e  i s o t o p e  was o b s e rv e d .  H owever, when 2 - ^ C -  
m e v a lo n a te  was em p loyed ,  t h e  l a b e l i n g  was l o c a t e d  e x c l u s i v e l y  i n  c a rb o n s  
9 and 10 ( F ig u r e  2 ) .  T hese  e x p e r im e n ts  r u l e  o u t  t h e  m echan- 
i s m s ^ ^ ’ ^ ^  i n v o l v i n g  t h e  c o u p l in g  o f  two e q u i v a l e n t  u n i t s . I f  
two e q u i v a l e n t  C,. u n i t s  w ere  i n v o lv e d  i n  t h e  b i o g e n e s i s  o f  a r t e m i s i a  
k e t o n e ,  e q u a l  i n c o r p o r a t i o n  o f  l a b e l  i n  th e  two h a l v e s  o f  t h e  m o le c u le
sh o u ld  have  b e e n  o b s e r v e d .  The m echanism  p ro p o s e d  by B a t e s ^ ^  i s
i 7 4 ,1 0 2 -1 0 4 ,1 0 6  
th o u g h t  t o  b e  more a t t r a c t i v e  th a n  th e  o t h e r  p r o p o s a l s .
T h is  m echanism , l i k e  o t h e r s ,  s u f f e r s  from  t h e  f a c t  t h a t  i t  s t a r t s  w i th
two e q u i v a l e n t  C,- u n i t s .  However, i t  h a s  b e e n  s u p p o r te d  by a  c h e m ic a l  
108model s y s te m  and ca n  be  e x te n d e d  t o  i n c l u d e  o t h e r  i r r e g u l a r l y  con­
s t r u c t e d  m o n o te rp e n e s  t h a t  o c c u r  s im u l t a n e o u s l y  w i t h  a r t e m i s i a  k e t o n e .
T h is  m ech an ism ^ '*  i n v o l v e s  th e  c o u p l in g  o f  two m o le c u le s  o f  3 , 3 -  
d i m e t h y l a l l y l  p y ro p h o s p h a te  ( I )  i n  an i r r e g u l a r  f a s h i o n  ( F ig u re  1 0 ) .
T h is  i n  t u r n  l e a d s  t o  t h e  fo r m a t io n  o f  a  c y c lo p ro p a n e  i n t e r m e d ­
i a t e  ( I I ) . The s u b s e q u e n t  d e p a r t u r e  o f  t h e  p y ro p h o s p h a te  group r e s u l t s
i n  th e  f o r m a t io n  o f  a  h o m o a l l y l i c  ca rbon ium  io n  ( I I I ) . Such ca rb o n iu m
109i o n s ,  a l s o  c a l l e d  e l e c t r o n  s u f f i c i e n t  n o n c l a s s i c a l  ca rbon ium  i o n s ,  
a r e  th o u g h t  t o  be  r e l a t i v e l y  s t a b l e . T h e  c y c lo p ro p a n e  r i n g  can  
s u b s e q u e n t ly  b r e a k  i n  two w ays , a s  shown i n  F ig u r e  1 0 .  Route  A w ould  
r e s u l t  i n  t h e  fo r m a t io n  o f  a r t e m i s i a  k e to n e  and  r o u t e  B l e a d s  to  t h e
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F ig u re  10 . B a t e s '  mechanism f o r  th e  b i o s y n t h e s i s  o f  a r t e m i s i a  k e t o n e .
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f o rm a t io n  o f  IV. Compound IV h a s  b een  i s o l a t e d  from S a n t o l i n a  
c h a m a e c y p a r i s s u s , a  p l a n t  w hich  a l s o  c o n t a i n s  a r t e m i s i a  k e t o n e .  The b i o ­
s y n t h e s i s  o f  c h ry s a n th e m ic  a c i d  ( F ig u r e  2) c o u ld  b e  e x p l a i n e d ,  a t  l e a s t  
on t h e o r e t i c a l  g ro u n d s ,  v i a  t h i s  m e c h a n i s m . A l l  t h a t  i s  n e c e s s a r y  i s  
an a t t a c k  o f  a  h y d ro x y l  io n  on th e  c a rb o n  b e a r i n g  th e  p y ro p h o s p h a te  
g ro u p .  T h is  w ould c a u s e  th e  f o rm a t io n  o f  a  C c y c lo p ro p a n e  a l c o h o l  
d e r i v a t i v e  V. Compound V c o u ld  th e n  b e  o x id i z e d  t o  c h ry sa n th e m ic  a c i d .
T h is  mechanism i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  t h a t  i t  e x p l a i n s  th e  
fo rm a t io n  o f  two d i f f e r e n t  i r r e g u l a r  m o n o te rp e n e s  i s o l a t e d  from  th e  same 
p l a n t .  T h ere  a r e ,  how ever ,  two m a jo r  s h o r tc o m in g s  i n  t h i s  mech­
a n ism . 106 ,113  ,j^e f ^ r g t  d i f f i c u l t y ,  d i s c u s s e d  p r e v i o u s l y ,  s tem s from 
th e  f a c t  t h a t  l a b e l i n g  s t u d i e s  have  r u l e d  o u t  t h e  p o s s i b i l i t y  o f  th e  
c o u p l in g  o f  two e q u i v a l e n t  C^ u n i t s .  The s e co n d  s h o r tc o m in g  i n  t h i s
mechanism f i n d s  i t s  o r i g i n  i n  th e  l a b e l i n g  s t u d i e s  o f  W a l le r  and h i s
113 14c o l l a b o r a t o r s .  These i n v e s t i g a t o r s  have  r e p o r t e d  t h a t  when 2 -  C-
m e v a lo n a te  was f e d  t o  S a n t o l i n a  c h a m a e c y p a r is s u s , o n ly  a  s m a l l  amount o f
l a b e l  was l o c a t e d  i n  a r t e m i s i a  k e t o n e .  T h is  o b s e r v a t i o n  h a s  l e d  to  th e
s p e c u l a t i o n  t h a t  a r t e m i s i a  k e to n e  may n o t  b e  b i o s y n t h e s i z e d  from  3 , 3 -
113d i m e t h y l a l l y l  p y r o p h o s p h a te .  T h is  o b s e r v a t i o n  h a s  a l s o  been  c o n f irm ed
i n  th e  l a b o r a t o r i e s  o f  B a n th o rp e .
No c l e a r  e x p l a n a t i o n  e x i s t s  a t  t h e  p r e s e n t  t im e  f o r  th e  l a c k  o f  
14i n c o r p o r a t i o n  o f  2 -  C -m eva lona te  i n t o  a r t e m i s i a  k e to n e  i s o l a t e d  from 
S a n t o l i n a  c h a m a e c y p a r i s s u s . However, s i n c e  c o m p a r tm e n ta l i z a t io n  p l a y s  a 
m a jo r  r o l e  i n  th e  d i s p o s i t i o n  o f  r a e v a l o n a t e i t  may, i n  p a r t ,  e x p l a i n  
th e  l a c k  o f  i n c o r p o r a t i o n  o f  m e v a lo n a te  i n t o  a r t e m i s i a  k e to n e .
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I I . EXPERIMENTAL
G e n e r a l . The c h e m ic a ls  u sed  i n  a l l  e x p e r im e n ts  w ere  r e a g e n t  g rad e  
and no f u r t h e r  p u r i f i c a t i o n  was c o n s id e r e d  n e c e s s a r y  u n l e s s  o th e rw is e  
s p e c i f i e d .  Thiam ine c h l o r i d e  h y d r o c h lo r i d e  was o b ta in e d  from Matheson 
Coleman and B e l l  M an u fa c tu r in g  C h e m is ts .
M e l t in g  p o i n t s  w ere m easured w i th  a M elt- tem p  c a p i l l a r y  m e l t in g  
p o i n t  a p p a r a tu s  and a r e  u n c o r r e c t e d .  pH m easurem en ts  w ere made w i th  a 
C o rn ing  Model 12 pH m e te r  and pH p a p e r  ty p e s  A and B (M icro  E s s e n t i a l  
L a b o r a to r y ) .  I n f r a r e d  s p e c t r a  were d e te rm in e d  on a Beckman IR -10  doub le  
beam s p e c t r o p h o to m e te r .  PMR s p e c t r a  w ere r e c o r d e d  on a  V a r ia n  A-60 
s p e c t r o m e te r  a t  60 MHz f i e l d  s t r e n g t h .  A l l  c h e m ic a l  s h i f t s  a r e  r e p o r t e d  
in  p a r t s  p e r  m i l l i o n  (6 ppm) d o w n f ie ld  from t e t r a m e t h y l s i l a n e  (TMS) when 
u s in g  d e u te ro c h lo ro fo rm .  In  th e  c a s e s  where d e u te r iu m  o x id e  was th e  
s o l v e n t ,  a TMS-carbon t e t r a c h l o r i d e  sam ple was u sed  a s  an e x t e r n a l  r e f e r ­
e n c e .  Quantum/Gram p r e c o a t e d  t h i n  l a y e r  ch rom a tog raphy  p l a t e s  (Q 6F) 
were used  f o r  t h i n  l a y e r  ch ro m a to g rap h y . Mass s p e c t ro g ra m s  w ere d e t e r ­
mined on a V ar ian  Model M-66, doub le  fo c u s in g  mass s p e c t r o m e te r  by Ms. 
P a u la  Moses and Mr. C a r lo s  Guzman o f  th e  C h em is try  D ep a r tm en t .  A l l  
e l e m e n ta l  a n a l y s i s  w ere perfo rm ed  by Mr. R alph  S e a b ,  S c i e n t i f i c  R esea rch  
S p e c i a l i s t  a t  th e  C h em is try  D epartm en t.
23
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1. S y n th e s i s  o f  2 - ( 1 - h y d r o x y e th y l ) th i a m in e  c h l o r i d e  
h y d r o c h lo r i d e  JL.
The p ro c e d u re  r e p o r t e d  by R i s i n g e r  e t  a l . ^ ~ *  was em ployed f o r  th e  
s y n t h e s i s  o f  JL. Thiam ine c h l o r i d e  h y d r o c h l o r i d e  (6 7 .4  g ,  0 .2  mol) was 
su sp en d ed  i n  2 1 o f  a b s o l u t e  e t h a n o l  u n d e r  a  n i t r o g e n  a tm o s p h e re .  The 
s u s p e n s io n  was th e n  c o o le d  t o  -5 ° C ,  and a c e ta ld e h y d e  (100 m l,  1 .0  mol) 
was added . A f t e r  s t i r r i n g  f o r  f i f t e e n  m i n u te s ,  a  sodium  e t h o x id e  s o l u ­
t i o n  ( 9 .2  g ,  0 .4  mol) i n  a b s o l u t e  e t h a n o l  (500 m l ) ,  was added d ro p w ise  
to  th e  s t i r r i n g  s u s p e n s io n  i n  30 m i n u te s .  The r e a c t i o n  was th e n  a l lo w e d  
to  p ro c e e d  f o r  f i v e  h o u r s ,  a t  w h ich  p o i n t  i t  was a c i d i f i e d  t o  pH 3 u s in g  
dry  HC1 g a s .  The m ix tu re  was s u b s e q u e n t l y  f i l t e r e d  to  remove sodium 
c h l o r i d e  and u n r e a c t e d  th i a m in e .  The s o l v e n t  was th e n  removed by f l a s h  
e v a p o r a t i o n  and th e  y e l lo w  c r y s t a l l i n e  m a t e r i a l  o b t a in e d  was r e c r y s t a l ­
l i z e d  from e t h a n o l ;  y i e l d :  6 6 .3  g (87% ); m .p .  23 4 °-2 3 6 °C ; PMR 1; IR  1 .
A n a ly s is  f o r  ^ i4^22^4^2^^^2
C a l c u l a t e d :  C, 4 3 .9 8 ;  H, 6 .0 6 ;  N, 14 .65
Found: C, 4 3 .7 4 ;  H, 6 .0 8 ;  N, 1 4 .5 8
2 .  R e le a s e  o f  a c e ta ld e h y d e  from  JL u n d e r  b a s i c  c o n d i t i o n s .
P o ta s s iu m  c a r b o n a te  (0 .7 2 5  g ,  5 .2  mmol) and  JL (1 .0  g ,  2 .6  mmol)
w ere su spended  i n  50 ml o f  e t h a n o l .  The r e a c t i o n  m ix tu r e  was s t i r r e d  
and p u rg ed  w i th  a  s low  s t r e a m  o f  n i t r o g e n  f o r  8 h o u r s .  The e x i t t i n g  
gas was b u b b le d  i n t o  95% e t h a n o l  k e p t  a t  -78°C  i n  a  d r y - i c e  e t h a n o l  t r a p  
( F ig u r e  1 1 ) .
A s o l u t i o n  o f  2 , 4 - d i n i t r o p h e n y l  h y d r a z in e  (2 ,4 -D )  was p r e p a r e d  a s  
f o l l o w s :  c o n c e n t r a t e d  s u l f u r i c  a c i d  £ 1 7 . 7  m l ) ,  w a te r  (2 6 .5  ml) and 
e t h a n o l  (8 8 .6  ml) w ere  added  t o  3 .5 4  g o f  2 ,4 -D .  The m ix tu r e  was
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s t i r r e d  u n t i l  a  s o l u t i o n  was o b t a i n e d .  The e t h a n o l  g a s  t r a p  was th e n  
removed from  t h e  d r y - i c e  b a t h  and  20 ml o f  t h e  2 ,4 -D  s o l u t i o n  was added  
to  t h e  gas  t r a p . The r e s u l t i n g  m ix tu r e  was s t i r r e d  f o r  two h o u r s  a t  
room te m p e r a t u r e .  C o m p ara tiv e  TLC o f  t h e  2 ,4 -D  d e r i v a t i v e  o f  t h e  
t r a p p e d  gas  and a c e t a l d e h y d e  gave s i m i l a r  v a l u e s  i n  a  v a r i e t y  o f  
s o l v e n t  sy s te m s  ( F ig u r e  1 1 ) .
The o r i g i n a l  r e a c t i o n  m ix tu r e  w h ich  c o n t a in e d  p o ta s s iu m  c a r b o n a t e  
and JL was f i l t e r e d ,  and t h e  pH o f  t h e  f i l t r a t e  was a d j u s t e d  t o  3 by t h e  
a d d i t i o n  o f  h y d r o c h l o r i c  a c i d .  Most o f  t h e  e t h a n o l  was s u b s e q u e n t l y  
e v a p o r a te d  u n d e r  r e d u c e d  p r e s s u r e .  The a d d i t i o n  o f  a  s m a l l  amount o f  
a c e to n e  c a u s e d  t h e  p r e c i p i t a t i o n  o f  some w h i te  c r y s t a l l i n e  m a t e r i a l .  The 
PMR s p e c tru m  o f  t h i s  compound i n  d e u te r iu m  o x id e  showed i t  t o  be  th ia m in e  
c h l o r i d e  h y d r o c h l o r i d e .
3 . S y n th e s i s  o f  2 - a c e t y l - 3 - ( 2 - m e t h y l - 4 - a m i n o - p y r i m i d i n - 5 - y l ) m e t h y l -  
3 a - m e th y lp e r h y d r o - f u r o - [  2 , 3-d] t h i a z o l e  2_.
P o ta s s iu m  c a r b o n a t e  (7 .2 9  g ,  5 2 .0  mmol) and  JL ( 1 0 .0  g ,  2 6 .0  mmol) 
w ere  s u sp e n d ed  i n  70 ml o f  d ry  d im e th y lfo rm am id e  (DMF) and  a l lo w e d  to  
s t i r  u n d e r  a  n i t r o g e n  a tm o sp h e re  f o r  10 h o u r s .  D ic h lo ro m e th a n e  (100 ml) 
was th e n  added  to  t h e  r e a c t i o n  m ix tu r e  i n  o r d e r  to  f a c i l i t a t e  i t s  f i l t r a ­
t i o n .  The s o l v e n t s  w e re  th e n  e v a p o r a te d  from  t h e  f i l t r a t e  u n d e r  r e d u c e d  
p r e s s u r e .  A l i g h t  y e l lo w  s y ru p  was o b t a in e d  w h ich  was d i s s o l v e d  i n  d i ­
ch lo rom e th a n e  and f i l t e r e d  t o  remove any r e s i d u a l  s a l t .  The s o l v e n t  was 
th e n  e v a p o r a te d  and t h e  r e s u l t i n g  s y ru p  was d i s s o l v e d  i n  20 ml o f  80% 
THF-water s o l u t i o n  and a l lo w e d  t o  s t i r  o v e r n i g h t .  F l a s h  e v a p o r a t i o n  o f  
s o l v e n t s  r e s u l t e d  i n  t h e  fo r m a t io n  o f  a  l i g h t  y e l lo w  s y ru p  w hich  was 
c r y s t a l l i z e d  from  warm e t h y l  a c e t a t e ;  y i e l d :  5 .6  g (70% ); m .p .  153°-155°C ,'
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A) A c e ta ld e h y d e  gas  t r a p .
B) C o m p ara tiv e  R£ v a l u e s  o f  th e  2 ,4 -D  d e r i v a t i v e s
o f  a c e ta l d e h y d e  and  th e  r e a c t i o n  p r o d u c t  ( s e e  t e x t ) .
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PMR 2,* IR 2 .
A n a ly s i s  f o r  c i4 H20N4 ° 2 S
C a l c u l a t e d :  C, 5 4 .5 2 ;  H, 6 .5 3 ;  N, 1 8 .16
Found: C, 5 4 .4 1 ;  H, 6 .4 9 ;  N, 18 .21
4 . S y n t h e s i s  o f  2 ,1 0 - d i m e t h y 1 - 7 - a c e t y 1 - 9 - ( 2 - h y d r o x y e th y l ) - 7 H -  
p y r im id in o -  [ 4 , 5 -d ]  t h i a z o l o -  [ 3 , 4 -a ]  p y r im id in e  _3.
The p e r h y d r o f u r o t h i a z o l e  2̂  (1 g ,  3 .2  mmol) was s u sp e n d ed  i n  40 ml 
o f  w a t e r .  The s o l v e n t  was th e n  b ro u g h t  t o  i t s  b o i l i n g  p o i n t  and a l lo w e d  
to  b o i l  f o r  3 m in u te s  a t  w h ich  p o i n t  a l l  t h e  m a t e r i a l  had  d i s s o l v e d .  
C r y s t a l s  p r e c i p i t a t e d  o u t  o f  t h e  s o l u t i o n  upon s t a n d i n g  a t  room te m p e r­
a t u r e  o v e r n i g h t ;  y i e l d :  0 .8 2  g (82%); m .p .  18 3 °-1 8 5 °C ; PMR 3 , 4 ;  IR 3. 
A n a ly s i s  f o r  Cj^ I ^ qN ^ ^ S  
C a l c u l a t e d :  C, 5 4 .5 2 ;  H, 6 .5 3 ;  N, 1 8 .1 6
Found: C, 5 4 .2 4 ;  H, 6 .5 6 ;  N, 18 .06
5 . S y n t h e s i s  o f  2 , 1 0 - d i m e t h y l - 7 , l l - d i a c e t y l - 9 - ( 2 - a c e t o x y e t h y l ) -  
7 H -p y r im id in o -  [ 4 , 3 -d] t h i a z o l o -  [ 3 , 4 -a ]  p y r im id in e  _4.
A. A c e t i c  a n h y d r id e  m ethod. A c e t i c  a n h y d r id e  (25 ml) was added to  
3 ( 0 .5  g ,  1 .6  mmol) and t h e  r e a c t i o n  m ix tu r e  was a l lo w e d  t o  s t i r  f o r  two 
h o u r s .  Due t o  t h e  i n s o l u b i l i t y  o f  3̂  i n  a c e t i c  a n h y d r id e ,  th e  r e a c t i o n  
m ix tu r e  rem a in ed  c lo u d y  a f t e r  2 h o u r s .  At t h i s  p o i n t ,  1 .0  ml o f  g l a c i a l  
a c e t i c  a c i d  was added  t o  t h e  m i x tu r e .  The r e a c t i o n  m ix tu r e  t u r n e d  c l e a r  
and was s u b s e q u e n t l y  s t i r r e d  f o r  a n o t h e r  30 h o u r s .  The s o l v e n t  was th e n  
removed u n d e r  r e d u c e d  p r e s s u r e  and t h e  l i g h t  y e l l o w  s y ru p  o b t a i n e d  was 
d i s s o l v e d  i n  b en z e n e  and  e x t r a c t e d  w i th  w a t e r .  The o r g a n i c  l a y e r  was 
d r i e d  o v e r  sodium  s u l f a t e ,  f i l t e r e d ,  and t h e  s o l v e n t  was removed from
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t h e  f i l t r a t e  by f l a s h  e v a p o r a t i o n ;  y i e l d :  0 .5 5  g (84%); PMR 5.
A n a ly s i s  f o r  C ^ H ^ .N .O .S  18 24 4 4
C a l c u la t e d :  C, 5 5 .0 8 ;  H, 6 .1 6 ;  N, 14 .27
Found: C, 5 4 .9 6 ;  H, 6 .3 0 ;  N, 1 4 .0 1
116
B. I s o p r o p e n y l a c e t a t e  m ethod . £ - T o l u e n e s u l f o n i c  a c id  (0 .001  g) 
and 2_ ( 0 .3  g) w ere added  t o  20 ml o f  f r e s h l y  d i s t i l l e d  i s o p r o p e n y l a c e t a t e .  
The m ix tu re  was r e f l u x e d  f o r  12 h o u r s ,  c o o le d  t o  room te m p e ra tu r e  and 
s t o r e d  a t  -15°C  o v e r n i g h t .  A s m a l l  amount o f  w h i t e  m a t e r i a l  had p r e c i p ­
i t a t e d  w hich  was c o l l e c t e d  by f i l t r a t i o n  and w ashed  w i th  c h lo ro fo rm .
The PMR sp e c tru m  o f  t h i s  m a t e r i a l  showed i t  t o  be  i d e n t i c a l  w i th  _3. The 
s o l v e n t s  w ere th e n  removed from  t h e  f i l t r a t e  r e s u l t i n g  i n  th e  fo rm a t io n  
o f  a  p a l e  y e l lo w  s y r u p .  The PMR s p e c t ru m  o f  t h i s  m a t e r i a l  was i d e n t i c a l  
w i th  PMR 5 ; y i e l d :  0 .2 4  g (64%).
6 . R e le a s e  o f  a c e ta l d e h y d e  from  2 u n d e r  a c i d i c  c o n d i t i o n s .
The HET k e to n e  2̂  ( 1 .0  g ,  3 .0  mmol) was added  to  50 ml o f  e t h a n o l
and th e  pH o f  th e  m ix tu r e  was a d j u s t e d  to  4 by th e  a d d i t i o n  o f  concen­
t r a t e d  h y d r o c h l o r i c  a c i d .  From t h i s  p o i n t ,  t h e  same p ro c e d u re  as  
d e s c r ib e d  i n  E x p er im en t 2 was em ployed . TLC o f  th e  2 , 4 - d i n i t r o p h e n y l -  
h y d r a z in e  (2 ,4 -D )  d e r i v a t i v e  o f  t h e  t r a p p e d  g as  p ro v e d  i t  t o  be  th e
2 ,4 -D  d e r i v a t i v e  o f  a c e t a l d e h y d e .  Some w h i te  m a t e r i a l  had a l s o  p r e c i p ­
i t a t e d  i n  t h e  r e a c t i o n  v e s s e l  c o n t a i n i n g  !.• The PMR sp e c tru m  o f  t h i s  
m a t e r i a l  showed i t  t o  be  th ia m in e  c h l o r i d e  h y d r o c h l o r i d e .
7. R e le a s e  o f  a c e ta l d e h y d e  from  3̂  u n d e r  a c i d i c  c o n d i t i o n s .
The t r i c y c l i c  k e to n e  ( 0 .4  g ,  1 .5  mmol) was su sp en d ed  i n  50 ml o f
e th a n o l  and th e  pH o f  t h e  r e a c t i o n  m ix tu r e  was a d j u s t e d  t o  4 by th e
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a d d i t i o n  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  From t h i s  p o i n t ,  a s i m i l a r  
p ro c e d u re  to  t h a t  o f  E x p e r im en t  2 was em ployed. TLC o f  t h e  2 , 4 - d i n i t r o -  
p h e n y lh y d ra z in e  (2 ,4 -D ) d e r i v a t i v e  o f  th e  t r a p p e d  gas  p ro v ed  i t  t o  be  th e
2 ,4 -D  d e r i v a t i v e  o f  a c e t a l d e h y d e .  Some w h i te  m a t e r i a l  had a l s o  p r e c i p ­
i t a t e d  i n  th e  r e a c t i o n  v e s s e l  c o n t a i n i n g  3_. The PMR s p e c tru m  o f  t h i s  
m a t e r i a l  i d e n t i f i e d  i t  a s  th i a m in e  c h l o r i d e  h y d r o c h lo r i d e .
8. A tte m p ted  r e l e a s e  o f  a c e ta ld e h y d e  from 1_ u n d e r  a c i d i c  c o n d i t i o n s .
The p r o c e d u r e  d e s c r i b e d  i n  E x p er im en t 6 was c a r r i e d  o u t  on 1 .0  g
(2 .6  mmol) o f  The 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  t e s t  gave n e g a t i v e  
r e s u l t s  f o r  t h e  r e l e a s e  o f  a c e t a l d e h y d e .  F u r th e rm o re ,  th e  PMR s p e c tru m  
o f  th e  w h i te  m a t e r i a l  i n  t h e  r e a c t i o n  v e s s e l  showed i t  t o  be  1 . P r o lo n g ­
a t i o n  o f  th e  r e a c t i o n  p e r i o d  up to  100 h o u r s  had  no e f f e c t  on th e  
compound, and no r e l e a s e  o f  a c e ta ld e h y d e  was d e t e c t e d .
9. S y n th e s i s  o f  2 - ( l - h y d r o x y - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) t h i a m i n e  
c h l o r i d e  h y d r o c h l o r i d e  _5.
Thiam ine c h l o r i d e  h y d r o c h l o r i d e  (6 7 .4  g ,  0 .2  mol) and c i t r o n e l l a l  
(6 1 .6 9  g ,  0 .4  m ol) w ere  su sp en d ed  i n  2 1 o f  a b s o l u t e  e t h a n o l  a t  -5°C 
u n d e r  a n i t r o g e n  a tm o s p h e re .  A f t e r  s t i r r i n g  f o r  15 m in u te s ,  a sodium  
e th o x id e  s o l u t i o n  ( 9 .2  g ,  0 .4  mol) i n  a b s o l u t e  e t h a n o l  (500 ml) was 
added to  th e  s t i r r i n g  s u s p e n s io n  i n  30 m i n u te s .  The r e a c t i o n  was 
a l lo w ed  to  p ro c e e d  f o r  f i v e  h o u r s ,  a t  w hich  p o i n t  i t  was a c i d i f i e d  to  
pH 3 u s in g  d ry  HC1 g a s .  The s u s p e n s io n  was s u b s e q u e n t ly  f i l t e r e d  t o  
remove sodium c h l o r i d e  and u n r e a c t e d  th i a m in e .  The f i l t r a t e  was th e n  
re d u c e d  to  a  s m a l l  volum e (100 m l) by f l a s h  e v a p o r a t io n  o f  t h e  s o l v e n t .  
Slow a d d i t i o n  o f  2 1 o f  e t h e r  t o  th e  y e l lo w  sy ru p  w i th  v ig o ro u s  s t i r r i n g  
cau sed  th e  p r e c i p i t a t i o n  o f  p a l e  y e l lo w  and e x t r e m e ly  h y g ro s c o p ic
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c r y s t a l s .  The c r y s t a l s  w ere  th e n  s u c t i o n  f i l t e r e d ,  washed w ith  an a d d i ­
t i o n a l  1 1 o f  e t h e r ,  and d r i e d  u n d e r  vacuum; y i e l d :  91 .42  g (93%); m .p .  
170°-172°C ; PMR 6.
A n a ly s is  f o r  ^22^36^4^2^  ̂ "2 ' ^ O  
C a l c u l a t e d :  C, 5 1 .8 5 ;  H, 7 .1 2 ;  N, 10 .99
Found: C, 5 2 .6 1 ;  H, 7 .2 5 ;  N, 11 .17
10. A tte m p ted  s y n t h e s i s  o f  2 - (1 -h y d ro x y -3 , 7 - d i m e t h y l - l - o c t - 2 , 6 -  
d i e n y l ) t h i a m i n e  c h l o r i d e  h y d r o c h l o r i d e .
The p r o c e d u r e  d e s c r i b e d  i n  E x p er im en t 9 was employed s u b s t i t u t i n g  
c i t r a l  f o r  c i t r o n e l l a l .  A f t e r  t h e  w ork-up  p r o c e d u r e ,  an  e x t re m e ly  h y g ro ­
s c o p ic  l i g h t  brown s u b s t a n c e  was o b t a i n e d .  T h is  m a t e r i a l  t r a n s fo rm e d  
i n t o  a d a rk  brown u n r e s o l v a b l e  mass i n  a  few m in u te s .  The PMR s p e c tru m  
o f  t h i s  s u b s t a n c e  e x h i b i t e d  ex tre m e  c o m p le x i ty  and d id  n o t  c o r re s p o n d  to  
th e  e x p e c te d  r e s o n a n c e  p a t t e r n s .  F u r th e rm o re ,  no c h ro m a to g ra p h ic  s e p a ­
r a t i o n  was p o s s i b l e  due t o  th e  m u l t i p l i c i t y  o f  s p o t s  on th e  TLC p l a t e .
A number o f  v a r i a t i o n s  i n  t im e  and t e m p e r a tu r e  o f  t h e  r e a c t i o n  w ere t r i e d
w hich  had  no e f f e c t  on th e  outcome o f  t h e  r e a c t i o n .
11• S y n th e s i s  o f  2 - ( l - h y d r o x y - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) - 4 -
m ethy 1 - 5 - (2 -h y d r o x y e th y l )  t h i a z o l e  6̂ .
117 118The p r o c e d u r e s  r e p o r t e d  by W il l ia m s  ’ was employed i n  t h i s  
e x p e r im e n t .  Sodium s u l f i t e  (16 .89  g ,  1 3 4 .0  mmol) was d i s s o l v e d  in  100 ml
o f  w a te r  and t h e  pH o f  t h e  s o l u t i o n  was a d j u s t e d  to  5 by th e  a d d i t i o n  o f
10 .2  ml o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h is  s o l u t i o n  was added to  _5 
(1 0 .0  g ,  2 0 .0  mmol) and th e  r e a c t i o n  m ix tu re  was a l lo w ed  to  s t i r  u n d e r  
n i t r o g e n  f o r  20 h o u r s .  The pH o f  t h e  r e a c t i o n  m ix tu r e  was th e n  a d j u s t e d
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to  10 by th e  a d d i t i o n  o f  a  5% s o l u t i o n  o f  sodium  h y d ro x id e .  The m ix tu r e  
was th e n  e x t r a c t e d  w i th  f o u r  50 ml p o r t i o n s  o f  d ic h lo ro m e th a n e .  The 
o r g a n ic  l a y e r  was d r i e d  o v e r  sodium s u l f a t e ,  f i l t e r e d ,  and th e  s o l v e n t  
removed from th e  f i l t r a t e  by f l a s h  e v a p o r a t i o n ;  y i e l d :  5 .5  g (91%);
PMR 7 , 8 ;  IR  4.
A n a ly s i s  f o r  C^gH^yNO^S
C a l c u l a t e d :  C, 6 4 .6 0 ;  H, 9 .1 5 ;  N, 4 .7 0
Found: C, 6 3 .8 3 ;  H, 8 .4 6 ;  N, 4 .91
12. S y n th e s i s  o f  2 - ( l - a c e t o x y - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) - 4 - m e t h y l -  
5 - ( 2 - a c e t o x y e t h y l ) t h i a z o l e
A c e t i c  a n h y d r id e  (1 .3 4  m l,  2 1 .0  mmol), p y r i d i n e  (1 .1 4  m l ,  2 1 .0  mmol) 
and (2 .9 7 5  g ,  1 0 .0  mmol) w ere d i s s o l v e d  i n  10 ml o f  d ic h lo ro m e th a n e  
and a l lo w e d  t o  s t i r  u n d e r  an a tm o sp h ere  o f  n i t r o g e n  f o r  2 d a y s .  The 
s o l v e n t s  w ere  th e n  removed u n d er  vacuum and t h e  r e s u l t i n g  y e l lo w  sy ru p  
was d i s s o l v e d  i n  20 ml o f  d ic h lo ro m e th a n e  and e x t r a c t e d  w i th  two 15 ml 
p o r t i o n s  o f  w a te r .  The o r g a n ic  l a y e r  was d r i e d  o v e r  sodium s u l f a t e ,  
f i l t e r e d ,  and t h e  s o l v e n t  removed from  th e  f i l t r a t e  by f l a s h  e v a p o r a t i o n ;  
y i e l d :  3 .2 2  g (84%); PMR 9.
13. S y n th e s i s  o f  2 - ( l - h y d r o x y - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) - 3  ,4 -  
d im e th y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l i u m  i o d i d e  _8.
M ethyl i o d i d e  (7 .0 1  g , 5 0 .0  mmol) and j6 (2 .9 7 5  g ,  1 0 .0  mmol) w ere 
d i s s o l v e d  i n  25 ml o f  2 -b u ta n o n e  and r e f l u x e d  u n d e r  an a tm o sp h e re  o f  
n i t r o g e n  f o r  24 h o u r s .  The volume o f  th e  s o l v e n t  was th e n  re d u c e d  to  
5 ml by f l a s h  e v a p o r a t io n .  Slow a d d i t i o n  o f  e t h e r  c a u sed  th e  p r e c i p i ­
t a t i o n  o f  l i g h t  brown c r y s t a l s .  The s o l v e n t s  w ere  th e n  d e c a n te d  and 
th e  s o l i d  was d i s s o l v e d  i n  10 ml o f  d ic h lo ro m e th a n e  and r e c r y s t a l l i z e d
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by t h e  a d d i t i o n  o f  e t h e r .  The c r y s t a l l i n e  m a t e r i a l  was th e n  f i l t e r e d  
and w ashed w i t h  e t h e r ;  y i e l d :  3 .6  g (82%); PMR 10 ; IR  5 .
A n a ly s i s  f o r  211^0
C a l c u l a t e d :  C, 4 3 .1 6 ;  H, 6 .3 7 ;  N, 3 .0
Found: C, 4 3 .7 4 ;  H, 6 .7 5 ;  N, 3 .6 2
14. A tte m p ted  s y n t h e s i s  o f  2-( 1 -h y d r o x y - 1 - b e n z y 1 - 3 ,7 -d im e  th y 1 -
l - o c t - 6 - e n y l ) - 3 , 4 - d i m e t h y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l i u m  b r o m id e .
119The p r o c e d u r e  r e p o r t e d  by A l t  f o r  t h e  a l k y l a t i o n  o f  enam ines  was 
em ployed . B enzy l b rom ide  ( 0 .4 4 8  g ,  2 .6  mmol) and J3 ( 1 .0  g ,  2 .3  mmol) 
w ere d i s s o l v e d  i n  b en z e n e  and r e f l u x e d  u n d e r  an a tm o s p h e re  o f  n i t r o g e n  
f o r  16 h o u r s .  A d d i t i o n  o f  e t h e r  upon c o o l in g  c a u s e d  t h e  p r e c i p i t a t i o n  
o f  some l i g h t  brown m a t e r i a l  t h a t  was f i l t e r e d .  PMR s p e c t r o s c o p y  o f  
t h i s  compound p ro v e d  i t  t o  be  j$, docum en ting  t h e  f a i l u r e  o f  t h e  a l k y l ­
a t i o n  r e a c t i o n .  P r o l o n g a t i o n  o f  t h e  r e a c t i o n  p e r i o d  up to  48 h o u r s  had  
no e f f e c t  on t h e  outcom e o f  t h e  r e a c t i o n ,  and no a l k y l a t i o n  p r o d u c t  
c o u ld  be  o b s e rv e d .
15. S y n th e s i s  o f  2 - ( 3 ,7 - d i m e t h y l - 6 - o c t e n o y l ) - 4 - m e t h y l - 5 - ( 2 - h y d r o x y -  
e t h y l )  t h i a z o l e  9_.
M anganese d i o x i d e  was p r e p a r e d  u s in g  t h e  m ethod d e s c r i b e d  by
120 121 122 Sondheim er e_t a l .  * The o x i d a t i o n  p r o c e d u r e  o f  P ap ad o p o u lo u s
was th e n  em ployed i n  t h i s  e x p e r im e n t .  A m i x tu r e  o f  6̂  ( 0 . 5  g ,  1 .7  mmol)
and 2 .5  g o f  m anganese  d i o x i d e  i n  50 ml o f  c h lo ro f o r m  was r e f l u x e d  f o r
f i v e  h o u rs  u n d e r  an a tm o sp h e re  o f  n i t r o g e n .  The r e a c t i o n  m ix tu r e  was
th e n  f i l t e r e d  and t h e  manganese d i o x i d e  p r e c i p i t a t e  was washed w i th
t h r e e  50 ml p o r t i o n s  o f  h o t  c h lo ro fo rm .  A d a r k  s y ru p  was o b t a i n e d  upon
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t h e  rem o v a l  o f  t h e  s o l v e n t  by  f l a s h  e v a p o r a t i o n ;  y i e l d ;  0 .3 3  g (78%);
PMR 11; IR  6.
A n a l y s i s  f o r
C a l c u l a t e d :  C, 6 5 .0 2 ;  H, 8 .5 3 ;  N, 4 .7 4
Found: C, 6 4 .8 6 ;  H, 8 .4 3 ;  N, 4 .64
16. S y n t h e s i s  o f  2 - ( l - h y d r o x y - l - p h e n y l - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) -  
4 - m e t h y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l e  10 .
A 150 ml tw o -n e c k  ro u n d  b o t to m  f l a s k  was f i t t e d  w i t h  a  r e f l u x  
c o n d e n s e r  e q u ip p e d  w i t h  a  c a lc iu m  c h l o r i d e  d r y in g  t u b e .  Magnesium 
t u r n i n g s  (0 .1 2 3  g ,  5 . 0  mmol) and a  m a g n e t ic  b a r  w ere  p l a c e d  i n  th e  f l a s k .  
The a p p a r a t u s  was s u b s e q u e n t l y  f i t t e d  w i th  an  a d d i t i o n  f u n n e l  e q u ip p e d  
w i t h  a  c a l c iu m  c h l o r i d e  d r y i n g  t u b e .  The e n t i r e  a p p a r a t u s  was th e n  
f lam ed  w i t h  a  Bunsen  b u r n e r  to  d r i v e  o f f  t h e  w a t e r  a d h e re d  to  t h e  g l a s s .  
A f t e r  c o o l i n g  to  room t e m p e r a t u r e ,  a  s m a l l  amount o f  a n h y d ro u s  e t h e r  was 
added  th r o u g h  t h e  a d d i t i o n  f u n n e l  to  c o v e r  t h e  m agnesium t u r n i n g s .  
Bromobenzene (0 .5 1  m l ,  5 .0  mmol) i n  5 ml o f  an h y d ro u s  e t h e r  was th e n  
added  to  t h e  a d d i t i o n  f u n n e l .  F ou r  o r  f i v e  d ro p s  o f  t h i s  m ix tu r e  was 
th e n  added  t o  t h e  r e a c t i o n  f l a s k  and th e  m ix tu r e  was s t i r r e d  u n t i l  e t h e r  
r e f l u x  c o u ld  be  o b s e r v e d .  A f t e r  th e  i n i t i a t i o n  o f  t h e  r e a c t i o n ,  th e  
r e m a in in g  s o l u t i o n  o f  brom obenzene  was added  to  t h e  r e a c t i o n  m ix tu r e  i n  
s m a l l  p o r t i o n s .  The a d d i t i o n  f u n n e l  was th e n  w ashed  w i t h  20 ml o f  
a n h y d ro u s  e t h e r  and  t h e  m i x tu r e  was r e f l u x e d  f o r  30 m i n u t e s . A s o l u t i o n  
o f  9 ( 0 .5  g ,  1 .7  mmol) i n  anh y d ro u s  e t h e r  (10  m l) vjas s u b s e q u e n t ly  
added  to  t h e  a d d i t i o n  f u n n e l .  T h is  s o l u t i o n  was added  d ro p w ise  w i th  
v ig o r o u s  s t i r r i n g  to  t h e  G r ig n a rd  r e a g e n t ,  and th e  a d d i t i o n  fu n n e l  was 
washed w i th  5 ml o f  a n h y d ro u s  e t h e r .  F i n a l l y ,  t h e  r e a c t i o n  m ix tu re
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was r e f l u x e d  f o r  1 h o u r  and  th e n  t e r m i n a t e d  by t h e  a d d i t i o n  o f  20 ml 
o f  w a t e r .  The m ix tu r e  was th e n  e x t r a c t e d  w i t h  a  30% s o l u t i o n  o f  ammon­
ium c h l o r i d e  and f i n a l l y  w i t h  b r i n e .  The o r g a n i c  l a y e r  was d r i e d  o v e r  
sodium  s u l f a t e ,  f i l t e r e d ,  and t h e  s o l v e n t  removed from  t h e  f i l t r a t e  by 
f l a s h  e v a p o r a t i o n .  C o m p a ra t iv e  TLC, u s i n g  e t h e r  a s  t h e  s o l v e n t ,  showed 
a  v e ry  s m a l l  s p o t  c o r r e s p o n d in g  to  t h e  s t a r t i n g  m a t e r i a l  9_, and a  m a jo r  
s p o t  c o r r e s p o n d in g  t o  t h e  p r o d u c t  _10. The IR  s p e c t ru m  o f  t h e  p r o d u c t  
a l s o  i n d i c a t e d  th e  d i s a p p e a r a n c e  o f  t h e  c a r b o n y l  a b s o r p t i o n  a t  1690 cm ^ ; 
y i e l d ;  0 .5 4 8  g (86%); PMR 12 ; IR 7.
A n a ly s i s  f o r  ^ 2 2 ^ 3 1 ^ 2 ^
C a l c u l a t e d :  C, 7 0 .7 4 ;  H, 8 .3 6 ;  N, 3 .7 4
Found: C, 7 0 .8 5 ;  H, 8 .5 7 ;  N, 3 .8 4
17. S y n th e s i s  o f  2 - f 1 - h y d r o x y - 1 - ( 2 ' , 6 ^ - d i m e t h y l - l - h e p t - 5 ^ - e n y l ) -  
4 , 8 - d i m e t h y l - l - n o n - 7 - e n y l ] - 4 - m e t h y 1 - 5 - (2 - h y d r o x y e th y l )  
t h i a z o l e  1 1 .
The s y n t h e s i s  o f  JL1 was a c h ie v e d  v i a  a  G r ig n a rd  r e a c t i o n  a s
d e s c r i b e d  i n  E x p e r im e n t  16 . The p r o p o r t i o n s  w ere  a s  f o l l o w s :  magnesium
123
tu r n i n g s  ( 0 .1 2 3  g ,  5 .0  m m ol), c i t r o n e l l y l  b ro m id e  (1 .1 0 9  g , 5 .0  m m ol), 
and 9_ ( 0 .5  g ,  1 .7  m m ol). A l i g h t  y e l lo w  o i l  was o b t a i n e d  a f t e r  th e  
p r e v i o u s l y  d e s c r i b e d  w ork -up  p r o c e d u r e  (E x p e r im e n t  1 6 ) .  The o i l  was 
p l a c e d  i n  a  round  b o t to m  f l a s k  u n d e r  0 .4  mm Hg and k e p t  a t  60°C f o r  one 
h o u r  t o  remove t h e  e x c e s s  t e r p e n e .  The p u r i t y  o f  11 was d e te rm in e d  by 
TLC i n  e t h e r  w h ich  gave  one m a jo r  s p o t  w i th  an  R^ v a l u e  o f  0 .6 4 ;  
y i e l d :  0 .7 2  g (96%), PMR 13.
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Analysis for C2gH^,-N02S
C a l c u l a t e d :  C, 7 1 .6 7 ;  H, 1 0 .4 1 ;  N, 3 .21
Found: C, 7 1 .3 9 ;  H, 10 .475 N, 3 .1 7
18. S y n th e s i s  o f  2 - ( l - h y d r o x y - l - m e t h y l - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) -  
4 - m e t h y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l e  12 .
The p r o c e d u r e  em ployed i n  th e  s y n t h e s i s  o f  _L2 was t h e  same as 
d e s c r ib e d  i n  E x p e r im e n t  16. The p r o p o r t i o n s  w ere  a s  f o l l o w s :  magnesium 
t u r n i n g s ( 0 .4 9 2  g ,  2 0 .0  mm ol), m e th y l  i o d i d e  (2 .8 7  g ,  2 0 .0  mmol), and 
(2 .0  g ,  6 .7  mmol). C o m p a ra tiv e  TLC o f  th e  p r o d u c t  and th e  s t a r t i n g  
m a t e r i a l  i n  e t h e r  i n d i c a t e d  a  q u a l i t a t i v e  and  q u a n t i t a t i v e  y i e l d  o f
2 .0 2  g (90%); PMR 14.
A n a ly s i s  f o r
C a l c u l a t e d :  C, 6 6 .8 3 ;  H, 9 .0 3 ;  N, 4 .3 3
Found: C, 6 6 .8 0 ;  H, 8 .7 4 ;  N, 4 .1 7
19. A tte m p ted  s y n t h e s i s  o f  5 u s i n g  2 - m e t h y l - 4 - a m in o - 5 - c h lo r o m e th y l -
p y r im id in e  h y d r o c h l o r i d e  and 6_.
12 A 125The p ro c e d u r e s  d e s c r i b e d  by B re s lo w  and C l in e  w ere  em ployed i n  
t h i s  e x p e r im e n t .  2 - M e th y l -4 - a m in o - 5 - c h lo r o m e th y lp y r im id in e  (0 .3 2 6  g ,
1 .7  mmol) and 6̂  ( 0 .5  g ,  1 .7  m m ol), and  1 ml o f  b u t a n o l  w ere added to  a 
sm a l l  round b o t to m  f l a s k .  The r e a c t i o n  m i x tu r e  was b r o u g h t  t o  i t s  b o i l i n g  
p o i n t  and m a in ta in e d  a t  t h a t  t e m p e r a tu r e  (118°C) f o r  one m in u te .  A ddi­
t i o n  o f  e t h e r  upon c o o l in g  to  room t e m p e r a t u r e  r e s u l t e d  i n  th e  p r e c i p i ­
t a t i o n  o f  some w a te r  s o l u b l e  l i g h t  brown m a t e r i a l .  The PMR sp e c tru m  o f  
t h i s  compound was i d e n t i c a l  w i th  t h a t  o f  2 - m e t h y l - 4 - a m in o - 5 - c h lo r o m e th y l -  
p y r im id in e ,  and th e  PMR o f  th e  e t h e r  s o l u b l e  f r a c t i o n  showed i t  to  be  j6.
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V a r i a t i o n s  i n  s o l v e n t  (DMF, 2 - b u ta n o n e ,  x y le n e )  and t im e  (up t o  4 h o u r s )  
had no e f f e c t  on th e  outcome o f  t h e  r e a c t i o n ,  and no a l k y l a t i o n  p r o d u c t  
c o u ld  b e  o b s e rv e d .  S e p a r a t e  i d e n t i c a l  e x p e r im e n ts  w ere p e r fo rm e d  s u b s t i ­
t u t i n g  ]_ and 9_ f o r  j6 r e s p e c t i v e l y .  A g a in ,  no r e a c t i o n  c o u ld  be o b s e rv e d  
and s t a r t i n g  m a t e r i a l s  w ere  r e c l a im e d  i n  e a c h  c a s e .
20 . A ttem p ted  s y n t h e s i s  o f  2 - ( 1 - h y d r o x y - l - m e t h y l - 3 , 7 - d i m e t h y l - 1- 
o c t - 6 - e n y l ) - 3 , 4 - d i m e t h y l - 5 - ( 2 - h y d r o x y e t h y l ) t h i a z o l i u m  s a l t .
A. M ethy l i o d i d e  m ethod . The p r o c e d u r e  d e s c r i b e d  i n  E x p er im en t 13 
was c a r r i e d  o u t  w i th  J^2 and m e th y l  i o d i d e .  No r e a c t i o n  o c c u r r e d  be tw een
th e  two s t a r t i n g  m a t e r i a l s  w hich  was docum ented  by PMR s p e c t r o s c o p y .
126 127B. D iazom ethane m ethod . 5 N i t r o s o m e th y lu r e a  ( 5 .0  g) was 
added  t o  50 ml o f  e t h e r  c o n t a i n i n g  15 ml o f  a  40% s o l u t i o n  o f  p o ta s s iu m  
h y d r o x id e .  The m ix tu r e  was s t i r r e d  f o r  two m in u te s  and t h e  e t h e r  l a y e r ,  
w hich  c o n ta in e d  a b o u t  1 .4  g o f  d ia z o m e th a n e ,  was added  to  20 ml o f  
e t h a n o l  c o n t a i n i n g  2 g o f  _12. The r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  two 
h o u r s ,  and th e n  n e u t r a l i z e d  by t h e  s lo w  a d d i t i o n  o f  g l a c i a l  a c e t i c  a c i d .  
The m ix tu r e  was th e n  f i l t e r e d  and t h e  s o l v e n t  was removed from th e  
f i l t r a t e  by f l a s h  e v a p o r a t i o n .  The PMR s p e c t ru m  o f  th e  l i g h t  y e l lo w  o i l  
o b ta in e d  was i d e n t i c a l  to  t h e  PMR o f  12_ w h ich  i n d i c a t e d  t h e  f a i l u r e  o f  
th e  N -m e th y la t io n  r e a c t i o n .
I d e n t i c a l  p r o c e d u r e s  em ploy ing  m ethods A and  B w ere  c a r r i e d  o u t ,  
s u b s t i t u t i n g  9_ f o r  J12. R e c la im a t io n  o f  t h e  s t a r t i n g  m a t e r i a l  _9 docu­
m ented th e  f a i l u r e  o f  b o th  m ethods u s e d .
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21. S y n th e s i s  o f  2—(3 ,7 -d im e t h y l - 6 - o c t e n o y l ) - 3 - m e t h y l - 3 a - m e th y l -  
p e r h y d r o f u r o - [ 2 ,3 - d 3  t h i a z o l e  13.
P o ta s s iu m  c a r b o n a te  (0 .6 1 6  g ,  4.4mmol) an d  8̂  (1 .9 5 2  g , 4 .4  mmol) 
w ere  su sp e n d ed  i n  15 ml o f  DMF and a l lo w e d  to  s t i r  u n d e r  a  n i t r o g e n  
a tm o sp h e re  f o r  30 h o u r s .  The r e a c t i o n  m ix tu r e  was th e n  f i l t e r e d  and th e  
p r e c i p i t a t e  was washed w i th  d ic h lo r o m e t h a n e . The s o l v e n t s  w ere  s u b se ­
q u e n t ly  removed from  t h e  f i l t r a t e  u n d e r  r e d u c e d  p r e s s u r e .  The o b ta in e d  
s y ru p  was d i s s o l v e d  i n  d ic h lo ro m e th a n e  and w ashed w i th  w a te r  and th e n  
w i th  b r i n e .  The o r g a n ic  l a y e r  was d r i e d  o v e r  sodium s u l f a t e ,  f i l t e r e d ,  
and th e  s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e ;  y i e l d :  1 .1 6  g (90%); 
PMR 15; IR 8.
A n a ly s i s  f o r  C^^H^gNO^S
C a l c u l a t e d :  C, 6 5 .5 6 ;  H, 9 . 3 7 ;  N, 4 .4 9
Found: C, 6 5 .4 3 ;  H, 9 .6 0 ;  N, 4 .3 1
22 . S y n th e s i s  o f  2 - ( 3 , 7 - d i m e t h y l - 6 - o c t e n o y l ) - 3 - ( 2 - m e t h y l - 4 - a m i n o -  
p y r i m i d i n - 5 - y l ) m e t h y l - 3 a - m e t h y l p e r h y d r o f u r o - f 2 , 3 - d ] t h i a z o l e  14.
P o ta s s iu m  c a r b o n a t e  (5 .6 3 2  g ,  4 0 .0  mmol) and J5 (1 0 .0  g ,  2 0 .3  mmol) 
were su sp en d ed  i n  150 ml o f  DMF and th e  r e a c t i o n  m ix tu r e  was s t i r r e d  
u n d e r  an a tm o sp h e re  o f  n i t r o g e n  f o r  12 h o u r s .  The m ix tu r e  was th e n  
f i l t e r e d  and th e  p r e c i p i t a t e  was w ashed w i th  a  s m a l l  volume o f  d i c h l o r o ­
m ethane . The s o l v e n t s  w ere  th e n  removed u n d e r  r e d u c e d  p r e s s u r e  and th e  
o b ta in e d  sy ru p  was d i s s o l v e d  i n  d ic h lo ro m e th a n e  and washed w i th  w a te r  
and th e n  w i th  b r i n e .  The o r g a n i c  l a y e r  was s u b s e q u e n t l y  d r i e d  o v e r  
sodium  s u l f a t e ,  f i l t e r e d ,  and t h e  s o l v e n t  was e v a p o r a te d  from  t h e  f i l t r a t e .  
A s m a l l  volume o f  c a rb o n  t e t r a c h l o r i d e  was th e n  added  t o  t h e  o b ta in e d  
sy ru p  and th e  r e s u l t i n g  s o l u t i o n  was s t o r e d  a t  -25°C  o v e r n i g h t .  A s m a l l
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amount o f  a l i g h t  brown p r e c i p i t a t e  h ad  form ed w hich  was f i l t e r e d .  The 
s o l v e n t  was th e n  removed from  t h e  f i l t r a t e  by f l a s h  e v a p o r a t io n  r e s u l t i n g  
i n  th e  fo rm a t io n  o f  a  l i g h t  y e l lo w  o i l ;  y i e l d :  6 .1  g (72%); PMR 16; IR  9.
A n a ly s i s  f o r
C a l c u l a t e d :  C, 6 0 .5 2 ;  H, 7 .8 4 ;  N, 12 .83
Found: C, 6 0 .4 3 ;  H, 8 .0 5 ;  N, 13 .15
23. A ttem p ted  r e d u c t i o n  o f  t h e  c a r b o n y l  f u n c t i o n  o f  13 and 14 .
128The p ro c e d u re  d e s c r i b e d  by K irsm e f o r  th e  r e d u c t i o n  o f  complex 
k e to n e  was em ployed i n  t h i s  e x p e r im e n t .  jv -T o lu e n e s u l fo n y lh y d ra z id e  
(1 .3 1 6  g ,  7 .0  mmol) and  lh_ (2 .8 4  g ,  6 .7  mmol) w ere  b o i l e d  i n  e t h a n o l  f o r  
one h o u r .  A d d i t io n  o f  e t h e r  to  th e  r e a c t i o n  m ix tu r e  upon c o o l in g ,  
c au sed  t h e  p r e c i p i t a t i o n  o f  some l i g h t  y e l lo w  m a t e r i a l .  The PMR s p e c tru m  
o f  t h i s  compound showed i t  to  be  th e  e x p e c te d  h y d ra z o n e  d e r i v a t i v e ;  
y i e l d :  3 .6  g (80%). The o b ta in e d  h y d ra z o n e  ( 3 .0  g) was su sp e n d ed  i n  
15 ml o f  a b s o l u t e  e t h a n o l .  A s e v e n  e q u i v a l e n t  m o la r  s o l u t i o n  o f  sodium  
e t h o x id e  (50 ml e t h a n o l ,  0 .8 4  g sodium ) was added  d ro p w ise  to  t h e  s o l u ­
t i o n  o f  t h e  h y d ra z o n e  u n d e r  a  n i t r o g e n  a tm o sp h e re .  The r e a c t i o n  m ix tu r e  
was a l lo w e d  to  s t i r  f o r  12 h o u r s  a t  w hich  p o i n t  i t  was a c i d i f i e d  to  
pH 3 by th e  a d d i t i o n  o f  a 30% h y d r o c h l o r i c  a c i d - e t h a n o l  s o l u t i o n .  Addi­
t i o n  o f  e t h e r ,  upon t h e  e v a p o r a t i o n  o f  e t h a n o l  t o  a  s m a l l  vo lum e, c a u sed  
th e  p r e c i p i t a t i o n  o f  some l i g h t  brown m a t e r i a l .  The PMR s p e c tru m  o f  t h e  
p r e c i p i t a t e  i n  D^O was i d e n t i c a l  t o  t h a t  o f  2 - m e th y l - 4 - a m in o - 5 - c h lo r o -  
m e th y lp y r im id in e ,  docum en ting  th e  r e l e a s e  o f  t h e  p y r im id in e  m o ie ty .  The 
e t h e r  s o l u b l e  p o r t i o n ,  on th e  o t h e r  h a n d ,  c o n s t i t u t e d  a d a rk  brown 
u n r e s o l v a b l e  m ass .
The r e d u c t i o n  o f  J 3  was a l s o  a t t e m p te d  u s in g  th e  above p r o c e d u r e .
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A d a rk  brown mass w i th  t h e  d i s t i n c t  o d o r  o f  s u l f u r  was o b t a i n e d  as  t h e  
f i n a l  p r o d u c t .  The PMR s p e c t r u m  o f  t h i s  s u b s t a n c e  e x h i b i t e d  e x t re m e  
c o m p le x i ty  and d id  n o t  c o r r e s p o n d  to  t h e  e x p e c t e d  r e s o n a n c e  p a t t e r n .
24. S y n t h e s i s  o f  2 - ( l - h y d r o x y - l - p h e n y l - 3 , 7 - d i m e t h y l - l - o c t - 6 - e n y l ) -  
3 - ( 2 - m e t h y l - 4 - a m i n o p y r im i d in - 5 - y l ) m e  t h y l - 3 a - m e t h y l p e r h y d r o f u r o -  
[ 2 , 3 - d ] t h i a z o l e  1 5 .
The p r o c e d u r e  d e s c r i b e d  i n  E x p e r im e n t  16 was em ployed  f o r  t h e  s y n ­
t h e s i s  o f  JJ3. The r e a c t a n t s  w e re  u s e d  i n  t h e  f o l l o w i n g  p r o p o r t i o n s :  
magnesium t u r n i n g s  (0 .7 2 4  g ,  2 9 .7  m m ol), b ro m o b en z en e  (3 m l ,  2 9 .7  m m ol), 
and .14 ( 2 .5  g ,  6 .0  mmol). The G r ig n a r d  r e a g e n t  w as p r e p a r e d  i n  a n h y d ro u s  
e t h e r  a s  d e s c r i b e d  i n  E x p e r im e n t  16. H ow ever,  d u e  t o  t h e  i n s o l u b i l i t y  o f
1A i n  e t h e r ,  t h e  s o l u t i o n  o f  t h i s  compound w as made i n  40 ml o f  d ry  
129THF. A l i g h t  y e l lo w  s y ru p  w as o b t a i n e d  a f t e r  t h e  p r e v i o u s l y  d e s c r i b e d
w ork-up  p r o c e d u r e .  The s y ru p  was d i s s o l v e d  i n  5 ml o f  d ic h lo r o m e t h a n e .  
Slow a d d i t i o n  o f  100 ml o f  e t h e r  and  t h e  s u b s e q u e n t  s t o r a g e  o f  th e  
r e s u l t i n g  s o l u t i o n  a t  -25°C  o v e r n i g h t  c a u s e d  t h e  p r e c i p i t a t i o n  o f  a  l i g h t  
y e l lo w  g l a s s - l i k e  m a t e r i a l  w h ic h  w as f i l t e r e d  w h i l e  c o l d .  The p r e c i p i ­
t a t e  was th e n  w ashed  w i th  25 ml o f  c o l d  e t h e r .  C o m p a ra t iv e  TLC o f  t h i s  
m a t e r i a l  i n  b en zen e  and i n  c a rb o n  t e t r a c h l o r i d e  e x h i b i t e d  o n ly  one m a jo r  
s p o t  c o r r e s p o n d in g  t o  t h e  p r o d u c t ;  y i e l d :  1 .7 9  g (60% ); PMR 17; IR  10.
2 5 .  S y n th e s i s  o f  1 - p h e n y l c i t r o n e l l o l  1 6 .
The p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e  o f  E x p e r im e n t  16 was em ployed 
f o r  th e  s y n t h e s i s  o f  16 . The r e a c t a n t s  w e re  u s e d  i n  t h e  f o l l o w i n g  p r o ­
p o r t i o n s :  magnesium t u r n i n g s  ( 3 .1 5 2  g ,  1 3 0 .0  m m o l) ,  b rom obenzene  
( 1 3 .0 5  m l, 130 .0  m m ol), and  c i t r o n e l l a l  (10  g ,  6 4 .8  mm ol). A f t e r  t h e
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p r e v i o u s l y  d e s c r i b e d  w ork-up  p r o c e d u r e ,  a  l i g h t  y e l lo w  o i l  was o b t a i n e d .  
TLC o f  t h i s  o i l  i n  e t h e r  gave one m a jo r  s p o t  (R^ = 0 .8 7 )  c o r r e s p o n d in g  
to  t h e  p r o d u c t .
26 . S y n th e s i s  o f  p h e n y l - 2 , 6 - d i m e t h y l - 5 - h e p t e n y l  k e t o n e  17 .
120  121F r e s h l y  p r e p a r e d  m anganese d i o x i d e  ’ (50 g) and _16 ( 1 0 .0  g ,
4 3 .0  mmol) w ere  su sp e n d ed  i n  100 ml o f  c h l o r o f o r m .  The s u s p e n s i o n  was 
r e f l u x e d  f o r  f i v e  h o u r s  u n d e r  a  n i t r o g e n  a tm o s p h e re .  The m i x tu r e  was 
th e n  f i l t e r e d  and th e  o x id a n t  was w ashed w i t h  200 ml o f  h o t  c h lo ro f o r m .  
A f t e r  th e  rem ova l o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  a  l i g h t  y e l lo w  
o i l  was o b ta in e d .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h i s  m a t e r i a l  a t  0 .4  mm Hg 
r e s u l t e d  i n  th e  c o l l e c t i o n  o f  th e  d e s i r e d  m a t e r i a l  a t  an i n t e r n a l  tem p­
e r a t u r e  o f  1 2 0 °-1 2 3 °C : y i e l d :  7 .2 2  g (73% ); PMR 18; I R  11 .
A n a ly s i s  f o r
C a l c u l a t e d :  C, 8 3 .4 7 ;  H, 9 .5 6
Found: C, 8 3 .3 3 ;  H, 9 .4 7
27. R e le a s e  o f  17 from  1 5 .
130A. M e rc u r ic  a c e t a t e  m ethod . M e rc u r ic  a c e t a t e  ( 0 .3 5  g ,
1 .1  mmol) and (0 .5  g ,  1 .0  mmol) w ere  s u sp e n d e d  i n  50 ml o f  a 5% s o l u ­
t i o n  o f  a c e t i c  a c id  i n  e t h a n o l .  The r e a c t i o n  m ix tu r e  was a l lo w e d  t o  s t i r  
under  a  n i t r o g e n  a tm o sp h e re  f o r  30 h o u r s . The s o l v e n t s  w ere  th e n  removed 
u n d e r  r e d u c e d  p r e s s u r e  w hich  r e s u l t e d  i n  t h e  f o r m a t io n  o f  a  gummy m a t e r ­
i a l .  T h is  mass was su sp e n d ed  i n  10 ml o f  m e th a n o l  and a l lo w e d  t o  s t i r  
f o r  3 h o u r s .  To th e  m e th a n o l i c  s o l u t i o n  was added  30 ml o f  w a te r  and 
th e  m ix tu r e  was e x t r a c t e d  w i th  two 30 ml vo lum es  o f  p e t r o l e u m  e t h e r .
The o r g a n ic  l a y e r  was s e p a r a t e d  and d r i e d  i n  t h e  u s u a l  m anner.
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C om para tive  TLC o f  t h e  p r o d u c t  i n  a  v a r i e t y  o f  s o l v e n t s  showed i t  to  be 
i d e n t i c a l  w i th  JL7 (R^ = 0 .1 7  i n  c a rb o n  t e t r a c h l o r i d e ,  0 .4 8  i n  b e n z e n e ,  
and 0 .8 6  i n  e t h e r ) . A l l  a t t e m p t s  t o  r e c o v e r  t h i a m i n e  from  t h e  p e t r o l ­
eum e t h e r  i n s o l u b l e  f r a c t i o n  o f  t h i s  r e a c t i o n  f a i l e d .
131B. I o d in e  m e thod . I o d i n e  ( 0 .2 8  g ,  1 .1  mmol) and JL5 (0 .5  g ,
1 .0  mmol) w ere  su sp e n d e d  i n  20 ml o f  a  1 :1  m i x tu r e  o f  d ic h lo ro m e th a n e  
and DMF. The m ix tu r e  was a l lo w e d  t o  s t i r  u n d e r  a  n i t r o g e n  a tm o sp h e re  
f o r  48 h o u r s .  The s u s p e n s io n  was th e n  a c i d i f i e d  to  pH 3 w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d  and was e x t r a c t e d  w i th  15 m l o f  w a t e r .  The o r g a n i c  
l a y e r  was d r i e d  i n  th e  u s u a l  m anner and a  s m a l l  amount o f  a p a l e  y e l lo w  
o i l  was o b t a i n e d .  S i m i l a r  v a l u e s  t o  t h e  o n e s  r e p o r t e d  above w ere 
o b ta in e d  i n  a  c o m p a ra t iv e  TLC s tu d y  o f  th e  o b t a i n e d  o i l  and an  a u t h e n t i c  
sam ple  o f  JT7. W ater  was th e n  removed from  t h e  aq u eo u s  l a y e r  u n d e r  
vacuum w h ich  r e s u l t e d  i n  t h e  f o r m a t io n  o f  a  l i g h t  brown s y r u p .  A d d i t io n  
o f  a c e to n e  t o  t h i s  s y ru p  r e s u l t e d  i n  th e  p r e c i p i t a t i o n  o f  some l i g h t  
y e l lo w  c r y s t a l l i n e  m a t e r i a l .  The PMR s p e c t ru m  o f  t h e  p r e c i p i t a t e  i n  D^O 
showed i t  t o  b e  t h i a m i n e .
28. S y n t h e s i s  o f  2 - [ l~ h y d r o x y - l - (2 ^ ,6  ^ - d i m e t h y l - 1 ^ - h e p t - 5 ^ - e n y l ) ~
4 ,8 -d im e t h y l - l - n o n - 7 - e n y l ] - 3 - ( 2 - m e t h y l - 4 - a m in o p y r im i d in - 5 - y l )  
m e t h y l - 3 a - m e t h y l p e r h y d r o f u r o - [ 2 , 3 - d ] t h i a z o l e  1 8 .
The p r o c e d u r e  em ployed  i n  t h e  s y n t h e s i s  o f  1_8 was t h e  same a s  d e s ­
c r i b e d  i n  E x p e r im e n t  2 4 .  The r e a c t a n t s  w ere  u s e d  i n  t h e  f o l lo w in g  p r o ­
p o r t i o n s :  magnesium t u r n i n g s  (0 .5 4  g , 2 3 .5  mm ol), c i t r o n e l l y l  b rom ide
( 4 .9  g , 2 3 .5  mmol) and _14 ( 1 .8 8  g ,  4 .5  mmol). A f t e r  t h e  w ork-up 
p r o c e d u r e ,  a  l i g h t  y e l lo w  s y ru p  was o b t a in e d  w h ich  was d i s s o l v e d  i n  5 ml 
o f  d ic h lo r o m e th a n e .  Slow a d d i t i o n  o f  50 ml o f  e t h e r  and t h e  s u b s e q u e n t
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s t o r a g e  o f  t h e  r e s u l t i n g  s o l u t i o n  a t  -25°C  f o r  48 h o u r s ,  c a u se d  th e  
p r e c i p i t a t i o n  o f  some p a l e  y e l lo w  g l a s s - l i k e  m a t e r i a l .  T h is  m a t e r i a l  
was f i l t e r e d  a t  -25°C  and washed w i th  c o ld  e t h e r .  C om para tive  TLC o f  
t h i s  m a t e r i a l  i n  d ic h lo r o m e th a n e  gave one m a jo r  s p o t  c o r r e s p o n d in g  t o  t h e  
p r o d u c t ;  y i e l d :  1 .685  g (67%); PMR 19; IR 12.
A n a ly s i s  f o r
C a l c u l a t e d :  C, 6 4 .6 0 ;  H, 9 .1 5 ;  N, 9 .41
Found: C, 6 4 .8 0 ;  H, 9 .3 4 ;  N, 9 .3 0
29. S y n th e s i s  o f  2 , 6 , 1 1 , 1 5 - t e t r a m e t h y l - 2 , 1 4 - h e x a d e c a d ie n e - 8 - o l  19 .
The p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e  o f  E x p e r im e n t  16 was em ployed i n
th e  s y n t h e s i s  o f  The f o l l o w i n g  p r o p o r t i o n s  o f  r e a c t a n t s  w ere  u s e d :
magnesium t u r n i n g s  (0 .8 1 6  g ,  33 .3m m ol) ,  c i t r o n e l l y l  b rom ide  (7 .3 0 9  g ,
3 3 .3  mmol), and c i t r o n e l l a l  (2 .5 7 2  g ,  1 6 .6  m m ol). A p a l e  y e l lo w  o i l  
was o b ta in e d  a f t e r  t h e  w ork-up  p r o c e d u r e .  TLC o f  t h i s  o i l  i n  b en zen e  
gave one m a jo r  s p o t  (R^ 0 .6 7 )  c o r r e s p o n d in g  t o  t h e  p r o d u c t .
30. S y n th e s i s  o f  2 , 6 , 1 1 , 1 5 - t e t r a m e t h y l - 2 , 1 4 - h e x a d e c a d ie n e - 8 -  
one 20.
132J o n e s ’ r e a g e n t  was u sed  a s  t h e  o x i d a n t  i n  t h i s  e x p e r im e n t .  
Chromium t r i o x i d e  ( 1 .0 6  g ,  1 0 .6  mmol) was added  t o  s u l f u r i c  a c i d  (0 .5 7 5  
m l,  10 .6  mmol) i n  25 ml o f  w a t e r .  T h i s  s o l u t i o n  was added  d ro p w ise  to  
19 (2 .8 7  g , 9 .7  mmol) i n  62 ml o f  a c e to n e  a t  -5 °C  o v e r  30 m in u te s .  The 
r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  t h r e e  h o u rs  a t  -5 °C .
At t h i s  p o i n t ,  75 ml o f  w a te r  was added  to  t h e  r e a c t i o n  m ix tu r e  and i t  
was e x t r a c t e d  w i th  f i v e  50 ml vo lum es o f  p e t r o l e u m  e t h e r .  The o r g a n ic  
l a y e r  was th e n  e x t r a c t e d  w i th  a  s a t u r a t e d  s o l u t i o n  o f  p o ta s s iu m
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b i c a r b o n a t e  and f i n a l l y  w ashed w i th  b r i n e .  The o r g a n ic  f r a c t i o n  was 
d r i e d  o v e r  sodium  s u l f a t e ,  f i l t e r e d ,  and t h e  s o l v e n t  was removed from 
t h e  f i l t r a t e  by f l a s h  e v a p o r a t i o n .  F r a c t i o n a l  d i s t i l l a t i o n  o f  th e  
o b t a i n e d  o i l  a t  0 .4  mm Hg r e s u l t e d  i n  th e  c o l l e c t i o n  o f  th e  d e s i r e d  
m a t e r i a l  a t  an i n t e r n a l  t e m p e r a tu r e  o f  132°-135°C ; y i e l d :  1 .7 8  g (63%); 
PMR 20,* IR  13.
A n a ly s i s  f o r  C20^36^
C a l c u l a t e d :  C, 8 2 .1 9 ;  H, 12 .32
Found: C, 8 2 .2 1 ;  H, 12 .54
31. R e le a s e  o f  20 from  1 8 .
P ro c e d u r e s  A and B d e s c r i b e d  i n  E x p e r im en t  27 w ere  c a r r i e d  o u t  on
2 1 . C o m p ara tiv e  TLC i n  a  v a r i e t y  o f  s o l v e n t s  docum ented  t h e  r e l e a s e  o f  
21 from  JJ3 i n  b o th  m ethods u sed  (R^=0.3 i n  c a rb o n  t e t r a c h l o r i d e ,  0 .7 8  in  
b en zen e  and 0 .89  i n  e t h e r ) .  I n  p r o c e d u r e  B, w here  i o d i n e  was u s e d ,  t h e  
f o r m a t io n  o f  th ia m in e  was docum ented  by PMR s p e c t r o s c o p y  o f  t h e  w a te r  
s o l u b l e  f r a c t i o n .
32 . S y n th e s i s  o f  2 , 6 , 9 , 1 3 - t e t r a m e t h y l - 6 - v i n y l - 2 , 1 2 - t e t r a d e c a d i e n e -  
7 - o l  21.
The c o n t in u o u s  f lo w  R efo rm a tsk y  r e a c t i o n  r e p o r t e d  by W h i te ,
133 13̂ ie t  a l .  ’ was em ployed f o r  t h e  s y n t h e s i s  o f  2 1 . G ra n u la r  z in c  mesh
10-20 (110 g) was a c t i v a t e d  by w ash in g  w i th  a )  400 ml o f  a  2% s o l u t i o n
o f  h y d r o c h l o r i c  a c i d ,  b) 200 ml o f  e t h a n o l ,  c) 300 ml o f  a c e t o n e ,  and 
d) 200 ml o f  anh y d ro u s  e t h e r .  The a c t i v a t e d  z i n c  was p l a c e d  u n d e r  
vacuum a t  100°C f o r  15 m in u te s  and th e n  p o u re d  i n t o  a g l a s s  column. The 
column was e q u ip p ed  w i th  a two n eck  250 ml round  b o tto m  from below  and
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an a d d i t i o n  fu n n e l  from  above ( F ig u r e  1 2 ) .  The a d d i t i o n  fu n n e l  and t h e  
round  b o tto m  f l a s k  w ere  each  f i t t e d  w i th  a  c a lc iu m  c h l o r i d e  d ry in g  tu b e .  
The column was th e n  c o v e re d  w i th  a  c y l i n d r i c a l  h e a t i n g  m a n t le .  THF, 
d r i e d  o v e r  m o le c u la r  s i e v e ,  was th e n  added  t o  th e  z i n c  th ro u g h  th e  a d d i ­
t i o n  f u n n e l .  The added  THF was b r o u g h t  t o  a  g e n t l e  r e f l u x  by th e  a p p l i -
135c a t i o n  o f  h e a t .  A m ix tu r e  o f  g e r a n y l  b rom ide  (1 3 .3  g ,  6 1 .2  mmol) and 
c i t r o n e l l a l  ( 6 .3  g ,  4 0 .8  mmol) i n  100 ml o f  THF was added  to  th e  a d d i t i o n  
f u n n e l .  T h is  m ix tu r e  was th e n  added  d ro p w ise  to  t h e  z in c  column o v e r  
t h r e e  h o u r s .  The r a t e  o f  a d d i t i o n  was a d j u s t e d  i n  s u ch  a manner t h a t  a 
c o n s t a n t  h ead  o f  r e a c t a n t s ,  a p p ro x im a te ly  2 cm i n  h e i g h t ,  was m a in ta in e d  
on th e  to p  o f  t h e  z i n c  column d u r in g  t h e  c o u r s e  o f  t h e  r e a c t i o n .  A lso ,  
t h e  column was h e a t e d  c o n t in u o u s ly  so  t h a t  a  g e n t l e  r e f l u x  was m ain­
t a i n e d  a t  a l l  t i m e s . Upon t h e  c o m p le t io n  o f  t h e  r e a c t i o n , th e  column was 
f l u s h e d  w i th  50 ml o f  THF. The p r o d u c t  was th e n  added  to  a  m ix tu re  o f  
300 ml e t h e r  and 90 ml o f  i c e  c o ld  s o l u t i o n  o f  5% s u l f u r i c  a c i d .  The 
r e s u l t i n g  b i p h a s i c  m ix tu r e  was sh ak en  th o r o u g h l y .  The o r g a n ic  l a y e r  was 
th e n  e x t r a c t e d  w i th  a  s a t u r a t e d  s o l u t i o n  o f  p o t a s s iu m  b i c a r b o n a t e  and 
f i n a l l y  w i th  b r i n e .  The o r g a n ic  f r a c t i o n  was d r i e d  o v e r  sodium s u l f a t e ,  
f i l t e r e d ,  and t h e  s o l v e n t  removed from  t h e  f i l t r a t e  by f l a s h  e v a p o r a t i o n .  
C om para tive  TLC o f  t h e  o b ta in e d  o i l  showed one m a jo r  s p o t  c o r r e s p o n d in g  
to  t h e  p r o d u c t .
33. S y n th e s i s  o f  2 , 6 , 9 , 1 3 - t e t r a m e t h y l - 6 - v i n y l - 2 , 1 2 - t e t r a d e c a -  
d i e n e - 7 - o n e  2 2 .
136The o x i d a t i o n  p r o c e d u r e  r e p o r t e d  by R a t c l i f f  was employed f o r  
th e  s y n t h e s i s  o f  22^. Chromium t r i o x i d e  (12 g ,  1 2 0 .0  mmol) was added 
to  a 500 ml two n eck  f l a s k  e q u ip p ed  w i th  a  d r y in g  tu b e  and an a d d i t i o n
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f u n n e l .  D ic h lo ro m e th a n e  (300  m l ) ,  d r i e d  by s t o r i n g  o v e r  m o l e c u la r  s i e v e ,  
and th e n  d ry  p y r i d i n e  (1 8 .9 8  g) w ere  added  t o  th e  f l a s k  r e s p e c t i v e l y .
The m ix tu r e  was a l lo w e d  t o  s t i r  f o r  15 m in u te s  and 21_ ( 5 .8 7  g ,  2 0 .0  mmol) 
was added  a t  once t o  t h e  o x i d i z i n g  a g e n t .  The r e a c t i o n  was a l lo w e d  to  
p r o c e e d  f o r  15 m in u te s  w i th  v ig o r o u s  s t i r r i n g .  The m i x tu r e  was th e n  
f i l t e r e d  and th e  p r e c i p i t a t e  was d i s s o l v e d  i n  100 ml o f  a  5% s o l u t i o n  o f  
sodium  h y d ro x id e  and e x t r a c t e d  w i t h  t h r e e  100 ml p o r t i o n s  o f  e t h e r .  D i­
c h lo ro m e th a n e  was removed from  th e  f i l t r a t e  by  f l a s h  e v a p o r a t i o n .  The 
d a r k  r e d  o i l  o b t a in e d  was d i s s o l v e d  i n  t h e  e t h e r  p o r t i o n  o b t a i n e d  from  
th e  f i r s t  e x t r a c t i o n  ( s e e  a b o v e ) . The o r g a n i c  l a y e r  was th e n  washed 
w i th  two 200 ml volum es o f  a  5% s o l u t i o n  o f  sod ium  h y d r o x id e  and th e n  
100 ml o f  a  5% s o l u t i o n  o f  h y d r o c h l o r i c  a c i d .  E x t r a c t i o n s  w i th  a  s a t u r ­
a t e d  s o l u t i o n  o f  p o ta s s iu m  b i c a r b o n a t e  and b r i n e  f o l l o w e d  s u c c e s s i v e l y .  
The r e s u l t i n g  o r g a n ic  s o l u t i o n  was d r i e d  o v e r  sod ium  s u l f a t e ,  f i l t e r e d ,  
and th e  s o l v e n t  was removed from  th e  f i l t r a t e  by f l a s h  e v a p o r a t i o n .  
F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  o i l  o b t a in e d  r e s u l t e d  i n  t h e  c o l l e c t i o n  
o f  t h e  d e s i r e d  compound a t  an i n t e r n a l  t e m p e r a t u r e  o f  129°-132°C  a t  
0 .4  mm Hg; y i e l d :  4 .4 7  g (77%); PMR 2 1 ;  IR 14.
A n a ly s i s  f o r  C^qH^^O 
C a l c u l a t e d :  C, 8 .6 9 ;  H, 11 .79
Found: C, 8 2 .9 1 ;  H, 11 .53
34. A tte m p ted  s y n t h e s i s  o f  2 , 6 , 9 , 1 3 - t e t r a m e t h y l - 6 - v i n y l - 2 , 6 , 1 2 -  
t e t r a d e c a t r i e n e - 7 - o n e .
The p ro c e d u re  o f  E x p e r im en t  32 was u se d  s u b s t i t u t i n g  c i t r a l  f o r  
c i t r o n e l l a l .  The p r o p o r t i o n  o f  r e a c t a n t s  u s e d  w ere  a s  f o l l o w s :  g e r a n y l  
b rom ide  (1 3 .3  g ,  6 1 .2  mmol) and c i t r a l  (6 .2 1  g ,  4 0 .8  mmol). The
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p r o d u c t  was w orked  up a s  d e s c r i b e d  i n  E x p e r im e n t  32 and t h e  r e s u l t i n g  
o i l  was d i s t i l l e d  a t  0 .4  mm Hg. The m a jo r  f r a c t i o n  was o b t a i n e d  a t  an 
i n t e r n a l  t e m p e r a t u r e  o f  130°-133°C . PMR, IR ,  and  m ass s p e c t ru m  d a t a  o f  
t h i s  compound i n d i c a t e d  t h a t  t h e  o b t a i n e d  p r o d u c t  i s  t h e  r e a r r a n g e d  
a n a lo g  o f  t h e  d e s i r e d  compound; y i e l d :  7 .1  g (60% ); PMR 2 2 ,2 3 ;  IR  15.
A n a ly s i s  f o r  ^20^34^
C a l c u l a t e d :  C, 8 2 .6 9 ;  H, 1 1 .7 9
Found: C, 8 2 .4 9 ;  H, 1 1 .68
The chromium t r i o x i d e  o x i d a t i o n  o f  t h i s  compound ( s e e  E x p e r im e n t  33) 
r e s u l t e d  i n  t h e  d i s a p p e a r a n c e  o f  t h e  h y d r o x y l  s t r e t c h i n g  i n  t h e  IR 
s p e c t ru m  o f  t h e  p r o d u c t .  H owever, no c a r b o n y l  s t r e t c h i n g  was o b s e rv e d .
A s i m i l a r  phenomenon o c c u r r e d  w i th  t h e  m anganese  d i o x i d e  o x i d a t i o n  o f  
t h i s  compound. The IR  s p e c t ru m ,  e l e m e n t a l  a n a l y s i s ,  PMR s p e c t ru m ,  and 
mass s p e c t ru m  o f  t h e  p r o d u c t  o f  t h e  o x i d a t i o n  r e a c t i o n s  showed i t  t o  b e  
th e  d e h y d r a t e d  d e r i v a t i v e  o f  i t s  r e a r r a n g e d  t e r t i a r y  a l c o h o l  p r e c u r s o r  
( s e e  d i s c u s s i o n ) .  PMR 24 ; IR  16.
A n a ly s i s  f o r  ^20^32 
C a l c u l a t e d :  C, 8 8 .1 6 ;  H, 1 1 .8 3
Found: C, 8 8 .4 8 ;  H, 1 1 .48
35 . S y n t h e s i s  o f  t r i t i u m  l a b e l e d  g e r a n i o l  2 3 .
C i t r a l  (20  ml) and  p o ta s s iu m  h y d ro x id e  (2  g) w e re  s u sp e n d e d  i n  
300 ml o f  THF. To t h i s  s u s p e n s i o n  was added  4 yC ( m i c r o c u r i e s )  o f  
t r i t i u m  o x id e  i n  1 ml o f  w a t e r .  The s u s p e n s i o n  was s t i r r e d  f o r  12 h o u r s .  
The s o l v e n t  was th e n  f l a s h  e v a p o r a t e d  to  a  s m a l l  vo lu m e . W ater (100 ml) 
was ad d ed  t o  t h e  r e s u l t i n g  o i l  w h ich  was s u b s e q u e n t l y  a c i d i f i e d  t o  pH 5.
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The m ix tu r e  was th e n  e x t r a c t e d  w i th  t h r e e  50 ml vo lum es o f  e t h e r .  The 
o r g a n ic  f r a c t i o n  was th e n  e x t r a c t e d  w i th  a  s a t u r a t e d  s o l u t i o n  o f  p o t a s s ­
ium b i c a r b o n a t e  and l a t e r  w i t h  b r i n e .  The s o l v e n t  was f i n a l l y  removed 
u n d e r  re d u c e d  p r e s s u r e  r e s u l t i n g  i n  t h e  f o r m a t io n  o f  a  l i g h t  y e l lo w  s y r u p .
Sodium b o r o h y d r id e  (2 g ,  5 1 .5  mmol) was added  t o  100 ml o f  e t h a n o l  
c o n t a i n i n g  7 .8 5  g (5 1 .5  mmol) o f  t h e  l a b e l e d  c i t r a l  o b t a in e d  from  th e  
above p r o c e d u r e .  The r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  f o u r  h o u r s  and 
s u b s e q u e n t l y  n e u t r a l i z e d  by t h e  a d d i t i o n  o f  a  50% s o l u t i o n  o f  a c e t i c  
a c i d .  The s o l v e n t s  w ere  th e n  f l a s h  e v a p o r a t e d  r e s u l t i n g  i n  th e  fo rm a t io n  
o f  a  l i g h t  y e l lo w  o i l .  The l a t t e r  compound was d i s s o l v e d  i n  e t h e r  and 
e x t r a c t e d  w i th  w a te r .  The s o l v e n t  was th e n  f l a s h  e v a p o r a t e d  from  th e  
o r g a n i c  l a y e r  l e a d i n g  to  t h e  f o r m a t io n  o f  a l i g h t  y e l lo w  s y r u p .  The 
o b t a i n e d  sy ru p  was d i l u t e d  w i th  10 ml o f  u n l a b e l e d  g e r a n i o l  and th e  
m ix tu r e  was d i s t i l l e d  a t  0 .4  mm Hg. The m a jo r  f r a c t i o n  was o b ta in e d  a t  
an  i n t e r n a l  t e m p e r a tu r e  o f  8 0 ° -8 3 °C .  The p u r i t y  o f  th e  t r i t i u m  l a b e l e d  
g e r a n i o l  o b t a in e d  was a s c e r t a i n e d  by i t s  TLC co m p ar iso n  w i th  an a u t h e n t i c  
sam ple  o f  g e r a n i o l  i n  a v a r i e t y  o f  s o l v e n t  s y s t e m s .
In  o r d e r  t o  a s s a y  t h e  number o f  c o u n t s  p e r  m in u te  (cpm) i n  th e  
l a b e l e d  p r o d u c t ,  a t o l u e n e - b a s e d  s c i n t i l l a t i o n  l i q u i d  was p r e p a r e d  as  
f o l l o w s ^ ^ :  PPO -2, 5 - d ip h e n y l o x a z o l e  (4 .9  g) and P 0 P 0 P - 1 , 4 - b i s - [ 2 - ( 4 -  
m e th y 1 - 5 - p h e n y lo x a z o ly l ) ] -b e n z e n e  ( 0 .1  g) w ere  su sp e n d ed  i n  1 1 o f  
t o l u e n e .  The s o l u t i o n  was sh ak en  th o r o u g h ly  and th e n  s t o r e d  i n  a l i g h t  
im perm eab le  c o n t a i n e r .  Ten ml o f  t h i s  s o l u t i o n  was u s e d  to  a s s a y  th e  
cpm in  th e  l a b e l e d  p r o d u c t  w hich  c o n t a in e d  a p p r o x im a te ly  125 ,000  cpm 
i n  0 .0 8  ml.
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36 . B i o s y n t h e s i s  o f  1 , 1 0 - d i i s o p e n t e n y l - 3 , 4 - d i h y d r o a r t e m i s i a
138 139k e to n e  ( 22) i n  c e l l - f r e e  y e a s t  p r e p a r a t i o n s . ’
F le i s c h m a n n ’ s " A c t iv e  Dry" y e a s t  (68  g) was su sp e n d e d  i n  203 ml 
o f  a  0 .0 6 6  M ammonium p h o s p h a te  s o l u t i o n .  The s u s p e n s io n  was th e n  
in c u b a te d  a t  37°C f o r  f o u r  h o u r s .  The m ix tu r e  was s u b s e q u e n t ly  c e n t r i ­
fu g e d  a t  1 5 ,0 0 0  rpm f o r  one h o u r  a t  0°C . E f f o r t s  w ere  made t o  keep 
t h e  enzyme p r e p a r a t i o n  a t  0°C a f t e r  th e  i n i t i a l  i n c u b a t i o n  p e r i o d .
The s u p e r n a t a n t  (125 ml) was th e n  p r e c i p i t a t e d  b y  th e  a d d i t i o n  o f
5 6 .4  g o f  ammonium s u l f a t e .  The p r e c i p i t a t i o n  was c o m p le te d  by 
s t i r r i n g  th e  m ix tu r e  f o r  two m in u te s  a t  0°C . The r e s u l t i n g  s u s p e n s io n
was th e n  c e n t r i f u g e d  a t  4000 rpm f o r  15 m in u te s  a t  0°C. The p r e c i p ­
i t a t e d  enzymes w ere  th e n  d i s s o l v e d  i n  31 ml o f  a  0 .2  M sod ium  p h o s p h a te  
b u f f e r  a t  pH 7 .2 .  The compounds l i s t e d  be low  w ere  added i n  t h e i r
o r d e r  o f  l i s t i n g  to  30 ml o f  t h e  enzyme s u s p e n s i o n .
a .  M g S O ^ ^ ^ O , 0 .5 9  g ( 2 .4  mmol)
b .  ATP (Sodium s a l t )  1 .3 2  g ,  ( 2 .4  mmol)
c .  G l u t a t h i o n e ,  0 .7 4  g ,  ( 2 .4  mmol)
140
d . T r i t o n  X -100, 0 .4  g
e .  T r i t i u m  l a b e l e d  g e r a n i o l ,  0 .1 1  m l ,  ( 0 .6  mmol)
169 ,400  cpm
f .  .5, 0 .3  g ( 0 .6  mmol) i n  2 ml o f  w a t e r  c o n t a i n i n g
0 .165  g o f  Na^PO^’^  ^ 0  ( t h e  t r i b a s i c  sod ium  p h o s p h a te  
was added  t o  5_ i n  o r d e r  t o  n e u t r a l i z e  t h i s  compound 
to  pH 7 ) .
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The e n z y m a tic  r e a c t i o n  was i n c u b a t e d  a t  37°C f o r  t h r e e  h o u r s .
At th e  end  o f  t h i s  p e r i o d ,  10 ml o f  a  20% p o ta s s iu m  h y d ro x id e -m e th a n o l  
s o l u t i o n  was added  t o  th e  m i x tu r e .  The s u s p e n s io n  was th e n  k e p t  a t  
65-70°C  f o r  one h o u r .  Upon c o o l i n g ,  th e  e n z y m a tic  p r e p a r a t i o n  was 
e x t r a c t e d  w i th  20 ml o f  e t h e r .  A f t e r  a  v ig o r o u s  s h a k in g ,  an e q u i v a l e n t  
volume o f  a c e to n e  was added  to  b r e a k  up th e  o b ta in e d  e m u ls io n .  T h is  
p ro c e d u re  was r e p e a t e d  s e v e n  t i m e s .  The o r g a n ic  f r a c t i o n s  w ere th e n  
combined and d r i e d  o v e r  sodium  s u l f a t e .  The s o l v e n t  was s u b s e q u e n t ly  
removed by f l a s h  e v a p o r a t i o n .  C om para tive  TLC o f  th e  l i g h t  y e l lo w  
o i l  o b ta in e d  showed a s p o t  w i th  an v a lu e  i d e n t i c a l  t o  an a u t h e n t i c  
sam ple  o f  22̂  (0 .8 7  i n  2 5 :1  b e n z e n e -m e th a n o l ,  0 .9  i n  4 :1  e t h y l  a c e t a t e -  
d i c h lo r o m e t h a n e ) . In  o r d e r  to  f u r t h e r  v e r i f y  th e  o b se rv e d  r e s u l t s ,  th e  
2 , 4 - d i n i t r o p h e n y lh y d r a z o n e  d e r i v a t i v e  o f  t h e  o b t a in e d  o i l  was s y n th e ­
s i z e d  (E xperim en t 2 ) .  C om para tive  TLC o f  t h i s  m a t e r i a l  a l s o  e x h i b i t e d  
a s p o t  w i th  an  v a l u e  i d e n t i c a l  t o  th e  2 , 4 - d i n i t r o p h e n y lh y d r a z o n e  
d e r i v a t i v e  o f  22̂  (0 .7 7  i n  e t h e r ,  0 .5 4  i n  d i c h lo r o m e t h a n e ) .
3
I n  o r d e r  to  c a l c u l a t e  t h e  p e r c e n t  i n c o r p o r a t i o n  o f  H - g e r a n io l  
i n t o  22^, th e  o b ta in e d  o i l  was r e s o l v e d  v i a  p r e p a r a t i v e  t h i c k  l a y e r  
ch rom a tog raphy  on a  s i l i c a  g e l  p l a t e .  The o b t a i n e d  o i l  was i n i t i a l l y  
d i s s o l v e d  in  10 ml o f  d ic h lo r o m e th a n e ,  and 1 ml o f  t h i s  s o l u t i o n  was 
s p o t t e d  on th e  p l a t e .  F or com parison  p u r p o s e s ,  a  s i n g l e  s p o t  c o r r e s ­
p o n d in g  to  an a u t h e n t i c  sam ple  o f  22  ̂ was a l s o  made on th e  same p l a t e .
A m ix tu re  o f  2 5 :1  b e n z e n e :m e th a n o l  was u s e d  f o r  th e  ch rom a tog raphy .
The band c o r r e s p o n d in g  t o  th e  s p o t  w h ich  r e p r e s e n t e d  th e  a u t h e n t i c  
sam ple o f  22._, was s u b s e q u e n t l y  removed and s u sp e n d e d  i n  a c e to n e .  The 
m ix tu re  was th e n  f i l t e r e d  and th e  s i l i c a  g e l  was w ashed w i th  f i v e
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10 ml volum es o f  a c e t o n e .  The o r g a n i c  s o l v e n t  was th e n  f l a s h  e v a p o r ­
a t e d  and th e  c o n t e n t s  o f  th e  ro und  b o tto m  w ere  w ashed i n t o  a  s c i n t i l ­
l a t i o n  v i a l ,  u s in g  10 ml o f  th e  c o u n t in g  f l u i d  (E x p e r im en t  3 5 ) .  The 
o b se rv e d  cpm was 1300 . T h i s ,  h o w ev e r ,  h a s  t o  be m u l t i p l i e d  by 10 to  
o b t a i n  th e  t o t a l  cpm. The o b t a in e d  num ber i s ,  t h e r e f o r e ,  13 ,000  cpm. 
S in ce  th e  s c i n t i l l a t i o n  c o u n t e r  u s e d  o p e r a t e d  u n d e r  a  59% e f f i c i e n c y ,  
th e  d i s i n t e g r a t i o n s  p e r  m in u te  (dpm) w i l l  be  2 2 ,0 3 3 .  T h i s ,  i n  t u r n ,  
r e p r e s e n t s  a  7.6% i n c o r p o r a t i o n  o f  ^ H - g e r a n i o l  t o  2 2 .
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III. DISCUSSION
A lth o u g h  th e  m echanism  o f  t h e  b i o s y n t h e s i s  o f  r e g u l a r  t e r p e n e s  i s  
33 36 47 53w e l l  e s t a b l i s h e d ,  ’ ’ no c l e a r  e x p l a n a t i o n  f o r  i r r e g u l a r  t e r p e n e
b i o s y n t h e s i s  has  been  f o r m u la te d .  Among t h e  num erous d i v e r s e  s p e c u la ­
t i o n s ,  c o n c e rn in g  t h e  l a t t e r  c a s e ,  i s  th e  p o s s i b i l i t y  o f  in v o lv e m e n t  o f  
th ia m in e  i n  such  b i o g e n e t i c  p a th w a y s .  The a t t r a c t i v e n e s s  o f  t h i s  
p r o p o s a l  i s  m u l t i f a c e t e d .
The c o n s i d e r a t i o n  o f  r e c e n t  l a b e l i n g  s t u d i e s  on a r t e m i s i a
k e t o n e ^ ^ ’ ^ ^  c o n s t i t u t e s  t h e  f i r s t  s o u r c e  o f  s u p p o r t  f o r  th e  v i a b i l i t y
14
o f  t h i s  p r o p o s a l .  T hese  s t u d i e s  h ave  c l e a r l y  d e m o n s t r a te d  t h a t  2 -  C- 
m e v a lo n a te  i s  e x c l u s i v e l y  i n c o r p o r a t e d  i n t o  c a rb o n s  9 and 10 o f  
a r t e m i s i a  k e to n e  (F ig u r e  1 3 ) .  B ased  on t h i s  o b s e r v a t i o n ,  i t  seems 
l o g i c a l  t o  assume t h a t  th e  b i o g e n e s i s  o f  a r t e m i s i a  k e to n e  i s  b ro u g h t  
a b o u t  by th e  c o n d e n s a t io n  o f  two u n i t s ,  one o f  w hich  does  n o t  h ave  an 
i s o p r e n o i d  o r i g i n .
A c l o s e  e x a m in a t io n  o f  th e  s t r u c t u r e  o f  a r t e m i s i a  k e to n e  would 
r e v e a l  t h a t  th e  n o n i s o p r e n o id  C,. u n i t  c o u ld  t h e o r e t i c a l l y  be d e r iv e d  
from l e u c i n e .  The m echanism  p ro p o s e d  f o r  t h e  b i o s y n t h e s i s  o f  a r t e m i s i a  
k e t o n e ,  t h e r e f o r e ,  b e g i n s  w i t h  t h e  c o n v e r s io n  o f  l e u c i n e  t o  a - k e t o i s o -  
c a p r o i c  a c id  v i a  th e  a c t i o n  o f  p y r i d o x a l  p h o s p h a te .  The a - k e t o  a c id
80
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formed s u b s e q u e n t l y  r e a c t s  w i th  t h i a m in e  ( F ig u r e  1 3 ) .  D e c a r b o x y l a t io n
o f  th e  compound fo rm e d ,  I ,  w ould  l e a d  to  t h e  fo r m a t io n  o f  enam ine  I I ,
*
w hich  can  c a r r y  o u t  an  a t t a c k  on t h e  t e r t i a r y  c a rb o n  o f  3 , 3 -d im e th y 1 -  
a l l y l  p y ro p h o s p h a te .  Such an a t t a c k  r e s u l t s  i n  t h e  r e l e a s e  o f  p y ro ­
p h o s p h a te  and t h e  f o r m a t io n  o f  I I I .  The l a t t e r  s p e c i e s  can  s u b s e q u e n t l y  
r e l e a s e  t h e  th ia m in e  and y i e l d  k e to n e  IV . The f o r m a t io n  o f  a r t e m i s i a  
k e to n e  i s  th e n  a c c o m p li sh e d  v i a  t h e  i n t r o d u c t i o n  o f  a  d o u b le  bond th ro u g h  
a f l a v i n  o x i d a t i o n .
A nalogous r e a c t i o n s  t o  t h e  ones  p ro p o s e d  f o r  t h e  b i o s y n t h e s i s  o f  
a r t e m i s i a  k e to n e  can  b e  found  i n  w e l l  e s t a b l i s h e d  b io c h e m ic a l  p a th w a y s .  
The p y r i d o x a l  p h o s p h a te  m e d ia te d  t r a n s a m i n a t i o n  o f  amino a c i d s  i s  known
to  be  t h e  f i r s t  s t e p  i n  t h e  b io c h e m ic a l  o x i d a t i o n  o f  t h e s e  compounds t o
141-144th e  c i t r i c  a c i d  c y c l e  i n t e r m e d i a t e s .  The n u c l e o p h i l i c  a t t a c k  o f
th ia m in e  on th e  a - c a r b o n y l  f u n c t i o n  o f  a - k e t o  a c i d s  and t h e  s u b s e q u e n t  
d e c a r b o x y l a t i o n  o f  t h e  l a t t e r  i n t e r m e d i a t e  i s  a l s o  a w e l l  known b i o ­
ch e m ic a l  r e a c t i o n .  The th ia m in e  p y r o p h o s p h a te  c a t a l y z e d  d e c a r b o x y l a t i o n
o f  p y r u v ic  a c i d  i n  g l y c o l y s i s  can  s e r v e  a s  an  exam ple  t o  i l l u s t r a t e  t h i s  
145-148p o i n t .  The t h i a m in e  p y r o p h o s p h a te  m e d ia te d  c o n v e r s io n  o f
x y lu l o s e - 5 - p h o s p h a t e  t o  s e d o h e p t u l o s e - 7 - p h o s p h a t e  i n  t h e  t r a n s k e t o l a s e
. 1 4 5 ,1 4 6 ,1 4 8  . .. j. , - ,r e a c t i o n  c o n s t i t u t e s  an exam ple  o f  th e  ty p e  o f  enam ine a l k y l -
a t i o n  s u g g e s te d  f o r  t h e  fo r m a t io n  o f  I I I  i n  t h e  p ro p o se d  b i o s y n t h e t i c
mechanism o f  a r t e m i s i a  k e to n e  ( F ig u r e  1 3 ) .  The r e l e a s e  o f  a c e t a l d e h y d e
from h y d ro x y e th y 1 th i a m in e  i n  t h e  p y r u v a te  d e c a r b o x y la s e  r e a c t i o n  i n
a l c o h o l i c  f e r m e n t a t i o n  can  s e r v e  t o  i l l u s t r a t e  t h e  v i a b i l i t y  o f  th e
fo rm a t io n  o f  k e to n e  IV from  i t s  t e r t i a r y  a l c o h o l  th ia m in e  p r e c u r s o r  I I I  
144-148( F i g u r e  1 3 ) .  The l a s t  s t e p  i n  t h e  p ro p o s e d  scheme i s  th e
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c o n v e r s io n  o f  k e to n e  IV t o  i t s  a ,  8 - u n s a t u r a t e d  d e r i v a t i v e ,  a r t e m i s i a
k e t o n e ,  v i a  a f l a v i n  o x i d a t i o n .  Such o x i d a t i o n s ,  r e s u l t i n g  i n  th e
f o rm a t io n  o f  t h e  a , 8 - u n s a t u r a t e d  d o u b le  b o n d ,  a r e  common i n  b i o l o g i c a l
149s y s te m s .  The o x i d a t i o n  o f  i s o v a l e r y l  CoA t o  B -m e th y lc ro to n y l  CoA
150and g l u t a r y l  CoA to  g l u t a c o n y l  CoA a r e  two exam ples  o f  such  
o x i d a t i o n s .
The m echanism  p ro p o s e d  f o r  t h e  b i o s y n t h e s i s  o f  a r t e m i s i a  k e to n e  
c o u ld  a l s o  b e  e x te n d e d  t o  e x p l a i n  t h e  b i o s y n t h e s i s  o f  b a k u c h i o l .  T h is  
mechanism i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  t h e  c a s e  o f  b a k u c h i o l  b e c a u se  
l e s s  a m b ig u i ty  e x i s t s  a s  to  t h e  amino a c i d  o r i g i n  o f  th e  n o n i s o p r e n o i d  
m o ie ty .  A lth o u g h  n o t  s u b s t a n t i a t e d  by  d i r e c t  e x p e r i m e n t a l  p r o o f ,  i t  h a s  
b een  s u g g e s te d  t h a t  t h e  n o n i s o p r e n o i d  m o ie ty  o f  b a k u c h io l  i s  d e r iv e d  
from t y r o s i n e . T h e  m e c h a n i s t i c  c o n s i d e r a t i o n s  i n v o l v e d  i n  th e  
p ro p o se d  b i o s y n t h e s i s  o f  b a k u c h i o l  a r e  t h e  same a s  p u t  fo rw ard  i n  th e  
d i s c u s s i o n  o f  b i o s y n t h e s i s  o f  a r t e m i s i a  k e t o n e .  I n  t h i s  p a th w a y ,  th e  
k e to n e  form ed (IV) may be  r e d u c e d  by th e  a c t i o n  o f  NADPH. The r e s u l t i n g  
a l c o h o l  can th e n  d e h y d r a t e ,  p o s s i b l y  by t h e  f o r m a t io n  o f  i t s  p h o s p h o r -
y l a t e d  d e r i v a t i v e  v i a  ATP. The d e h y d r a t i o n  o f  V r e s u l t s  i n  th e  f o r m a t io n  
o f  b a k u c h io l  ( F ig u r e  1 4 ) .
The im p l ie d  r o l e  o f  th ia m in e  i n  s q u a l e n e  b i o s y n t h e s i s ^  
p r e s e n t s  an e x c i t i n g  p o s s i b i l i t y  f o r  th e  e x t e n s i o n  o f  t h e  p ro p o se d  mech­
an ism  to  th e  b i o s y n t h e s i s  o f  p r e s q u a le n e  p y ro p h o s p h a te .  T h is  mechanism 
d i f f e r s  from  th e  p r e v i o u s  c a s e s  i n  t h a t  th e  i n i t i a l  a t t a c k  o f  t h e  t h i a -  
z o le  r i n g  i s  d i r e c t e d  tow ard  t h e  c a rb o n  b e a r i n g  t h e  p y ro p h o s p h a te  group 
o f  f a m e s y l  p y ro p h o s p h a te .  A c c o r d in g ly ,  t h i s  w ould  b e  an a t t a c k  a s  
compared to  t h e  n u c l e o p h i l i c  a t t a c k  on t h e  c a r b o n y l  c a rb o n  o f  th e  a - k e t o
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a c i d s  em ployed i n  t h e  b i o s y n t h e s i s  o f  a r t e m i s i a  k e to n e  and b a k u c h i o l .  
F ig u re  15 shows th e  f a r n e s y l  th ia m in e  d e r i v a t i v e ,  I ,  form ed w hich  can 
a c t  a s  an enam ine and c a r r y  o u t  an  a t t a c k  on th e  t e r t i a r y  c a rb o n  o f  
a n o t h e r  m o le c u le  o f  f a r n e s y l  p y r o p h o s p h a te .  T h is  r e s u l t s  i n  th e  d e p a r ­
t u r e  o f  p y ro p h o s p h a te  and th e  f o rm a t io n  o f  a C^q th i a m in e  d e r i v a t i v e  I I  
( F ig u r e  1 5 ) .  A m echanism  may be  p ro p o se d  to  e x p l a i n  t h e  fo rm a t io n  o f  
t h e  c y c lo p ro p a n e  r i n g  o b s e rv e d  i n  th e  f i n a l  p r o d u c t  (F ig u re  1 5 ) .  T h is  
in v o l v e s  t h e  a t t a c k  o f  th e  v i n y l  d o u b le  bond on th e  c a rb o n  atom a t t a c h e d  
to  t h e  C-2 o f  th e  t h i a z o l e  r i n g .  Such an a t t a c k  w ould  i n  t u r n  r e s u l t  i n  
th e  fo r m a t io n  o f  a  h o m o a l ly l i c  carbon ium  io n  and th e  f o r m a t io n  o f  i t s  
c o u n t e r  i o n ,  nam ely  th e  th ia m in e  p y ro p h o s p h a te  y l i d . * " ^  The h o m o a l ly l i c  
ca rbon ium  io n  formed can  th e n  be  a t t a c k e d  by a  m o le c u le  o f  p y ro p h o s p h a te  
r e s u l t i n g  i n  t h e  f o r m a t io n  o f  p r e s q u a le n e  p y ro p h o s p h a te  (F ig u re  1 5 ) .
A lth o u g h  t h i s  mechanism h a s  s e v e r a l  a t t r a c t i v e  f e a t u r e s ,  i t  c o n t a i n s  
two d i s t u r b i n g  a s p e c t s .  The f i r s t  a s p e c t  c o n c e rn s  th e  c le a v a g e  o f  a 
c a rb o n -c a rb o n  bond w h ich  r e s u l t s  i n  t h e  r e l e a s e  o f  th i a m in e  (F ig u re  1 5 ) .  
The f o rm a t io n  o f  th e  c y c lo p ro p a n e  r i n g  and i t s  c o r r e s p o n d in g  h o m o a l ly l i c  
carbon ium  io n  can be r e a d i l y  a c c e p te d ,  s i n c e  such  io n s  a r e  known to  be  
r e l a t i v e l y  s t a b l e . ^  Such an io n  c o u ld  be  g e n e r a t e d ,  how ever ,  o n ly  
i f  t h e  fo rm a t io n  o f  i t s  c o u n te r  i o n ,  nam ely t h e  th ia m in e  y l i d ,  can be 
a c c e p te d .
T h e re  a r e ,  u n f o r t u n a t e l y ,  o n ly  a few exam ples  o f  such  c a rb o n -  
c a rb o n  bond c l e a v a g e s  i n  t h e  l i t e r a t u r e .  Some r e c e n t  d a t a ^ ^  now 
s u p p o r t  th e  e x i s t e n c e  o f  z w i t t e r i o n i c  i n t e r m e d i a t e s  o f  c y c lo p ro p a n e  
d e r i v a t i v e s  ( F ig u re  1 6 ) .  T hese  d e r i v a t i v e s  e x h i b i t  f u n c t i o n a l  p r o p e r t i e s  
t h a t  te n d  to  f a c i l i t a t e  th e  fo rm a t io n  o f  z w i t t e r i o n i c  s p e c i e s  r e s u l t i n g
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from  c a rb o n -c a rb o n  bond c l e a v a g e .  The ca rb o n iu m  io n  form ed i s  s t a b i l i z e d  
v i a  i t s  s u b s t i t u e n t s ,  w h e re a s  t h e  f o r m a t io n  o f  i t s  c o u n t e r  i o n  i s  p r o ­
m oted due to  th e  p r e s e n c e  o f  a d j a c e n t  e l e c t r o n  w i th d ra w in g  g ro u p s  
(F ig u r e  1 6 - a ) . Such a  c a r b o n -c a rb o n  bond c l e a v a g e  i s  f a c i l i t a t e d ,  a t  
l e a s t  i n  p a r t ,  by  t h e  r e l e a s e  o f  r i n g  s t r a i n .  The h y d r o g e n o l y s i s  o f  
t r i p h e n y l a c e t o n i t r i l e ^ " ^ ’ ^ " ^ c o n s t i t u t e s  a  s e c o n d  exam ple  o f  su ch  c a r b o n -  
c a rb o n  bond c l e a v a g e ,  w h ich  r e s u l t s  i n  t h e  f o r m a t io n  o f  t r i t y l  c a rb o n ­
ium io n  and c y a n id e  a n io n  ( F ig u r e  1 6 - b ) . A n o th e r  exam ple  i n v o l v e s  t h e  
c o n v e r s io n  o f  2 , 2 , 3 - t r i p h e n y l p r o p y l n i t r i l e  to  t r i p h e n y l e t h y l e n e  u n d e r  
b a s i c  c o n d i t i o n s  ( F ig u r e  1 6 - c ) .  The c l e a v a g e  o f  t h e  t e r p e n o i d  ca rb o n iu m  
io n  may, t h e r e f o r e ,  be  p o s s i b l e  i f  t h e  t h i a z o l e  r i n g  i s  a s  c a p a b le  a s  
m a lo n a te  o r  c y a n id e  i n  accom m odating a  n e g a t i v e  c h a rg e  i n  i t s  y l i d  
form . 162 , ^ e c h e m ic a l  m odel s y s te m s  p r e s e n t e d  ( F ig u r e  16) t e n d
to  s u p p o r t  th e  m echanism  p ro p o s e d  f o r  t h e  f o r m a t io n  o f  p r e s q u a l e n e  c a r ­
bonium io n  and th ia m in e  y l i d  ( F ig u r e  1 5 ) .  H ow ever, t h e  a v a i l a b i l i t y  o f  
t h i s  d a t a  does  n o t  c o n s t i t u t e  s u f f i c i e n t  b a s i s  f o r  i t s  d i r e c t  a p p l i c a t i o n  
t o  th e  p ro p o s e d  m echanism . T h is  i s  due t o  t h e  i n h e r e n t  d i s s i m i l a r i t i e s  
be tw een  th e  m odel sy s te m s  and t h e  p ro p o s e d  r e l e a s e  i n t e r m e d i a t e  I I  o f  
F ig u re  14. T h e r e f o r e ,  f u r t h e r  i n v e s t i g a t i o n s  a r e  r e q u i r e d  b e f o r e  any 
c o n c lu s io n  c o n c e rn in g  t h e  v a l i d i t y  o f  t h e  p ro p o s e d  m echanism  can  be 
drawn.
The second  t ro u b le s o m e  a s p e c t  o f  t h e  p ro p o s e d  m echanism  f i n d s  i t s
163o r i g i n  i n  th e  r e c e n t  o b s e r v a t i o n s  o f  P o p ja k .  T h is  i n v e s t i g a t o r  h a s
18 18 r e p o r t e d  t h a t  when O - f a r n e s y l  p y ro p h o s p h a te  i s  u s e d  a s  s u b s t r a t e ,  0 -
p r e s q u a le n e  p y ro p h o s p h a te  i s  i s o l a t e d  a s  t h e  p r o d u c t .  A c c o r d in g l y ,  i t
h a s  b een  p ro p o se d  t h a t  one o f  t h e  p y r o p h o s p h a te  g ro u p s  i s  n o t  r e l e a s e d
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d u r in g  t h e  c o n d e n s a t io n  r e a c t i o n .  T h is  o b s e r v a t i o n  i s ,  t h e r e f o r e ,  i n  
d i r e c t  c o n t r a d i c t i o n  w i th  t h e  p ro p o s e d  m echanism  o f  p r e s q u a l e n e  p y r o ­
p h o s p h a te  b i o s y n t h e s i s  ( F ig u r e  1 5 ) .  I n  t h i s  c a s e  b o th  o f  t h e  p y ro ­
p h o s p h a te  g ro u p s  d e p a r t  from  t h e i r  f a r n e s y l  m o ie ty  v i a  an  and an 
*
SN^ a t t a c k ,  r e s p e c t i v e l y .  S u b s e q u e n t l y ,  any  c o n c l u s i o n  c o n c e r n in g  t h e  
v i a b i l i t y  o f  t h e  p ro p o s e d  m echanism  w ould b e  p r e m a tu r e  w i th o u t  f u r t h e r  
i n v e s t i g a t i o n .
Among t h e  t h r e e  i r r e g u l a r  t e r p e n e s  d i s c u s s e d ,  p r e s q u a l e n e  p y r o ­
p h o s p h a te  r e p r e s e n t s  t h e  m ost i n t e r e s t i n g  c a s e  b e c a u s e  o f  i t s  p a r t i c i -
164p a t i o n  i n  Lhe b i o g e n e s i s  o f  c h o l e s t e r o l  and o t h e r  s t e r o l s .  An
i n v e s t i g a t i o n  c o n c e r n in g  th e  v i a b i l i t y  o f  t h e  p ro p o s e d  scheme 
( F ig u r e  15) w ould  r e q u i r e  t h e  s y n t h e s i s  o f  2 - f a r n e s y l  th i a m in e  I .  The 
s y n t h e s i s  o f  t h i s  i n t e r m e d i a t e  and i t s  s u b s e q u e n t  c o n v e r s io n  t o  p r e ­
s q u a le n e  p y ro p h o s p h a te  i n  y e a s t  p r e p a r a t i o n s  would r e p r e s e n t  u n e q u iv o c a l  
p r o o f  f o r  t h e  v i a b i l i t y  o f  t h e  p ro p o s e d  scheme ( F ig u r e  1 5 ) .  A c c o r d in g ly ,  
an e x a m in a t io n  o f  t h e  s y n t h e s i s  o f  2 - f a r n e s y l  t h i a m i n e  I  ( F ig u r e  15) was 
u n d e r ta k e n .
A re v ie w  o f  t h e  l i t e r a t u r e  r e v e a l e d  t h a t  com plex a l k y l a t e d  d e r i v ­
a t i v e s  o f  th i a m in e  h ad  n o t  b e e n  s y n t h e s i z e d .  T h i s  c o u ld  t h e o r e t i c a l l y  
be  a c h i e v e d ,  h o w ev e r ,  by  t h r e e  d i f f e r e n t  m ethods  ( F i g u r e s  17 and 1 8 ) .
19/
The f i r s t  r o u t e  i n v o l v e s  t h e  b l o c k i n g  o f  th e  h y d ro x y l  f u n c t i o n  o f  4 -  
m e t h y l - 5 - ( B - h y d r o x y e t h y l ) t h i a z o l e  and t h e  g e n e r a t i o n  o f  th e  c o r r e s p o n d in g  
C-2 t h i a z o l e  a n io n .  The n e g a t i v e l y  c h a rg e d  s p e c i e s  c o u ld  th e n  be  a l k y l ­
a t e d  u s in g  a t e r p e n o i d  h a l i d e  ( F ig u r e  1 7 - a ) .  T h i s  m ethod was deemed 
u n d e s i r a b l e  due to  t h e  number o f  d i f f i c u l t i e s  i n v o l v e d .  F i r s t ,  t h e  t e r ­
p e n o id  t h i a z o l e  d e r i v a t i v e  form ed w ould h av e  t o  be  N - a l k y l a t e d  u s i n g  th e
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c h l o r i n a t e d  d im e th y lp y r im id in e  m o ie ty  to  g e n e r a t e  th e  d e s i r e d  t e r p e n o id
th ia m in e  compound. Low y i e l d s  have  been  r e p o r t e d  i n  N - a l k y l a t i o n  o f  such
s im p le  C-2 a l k y l a t e d  t h i a z o l e s  a s  2 - ( l - h y d r o x y e t h y l ) - 4 - m e t h y l t h i a z o l e
10/
u s in g  b e n z y l  b ro m id e .  T h e r e f o r e ,  t h e  N - a l k y l a t i o n  o f  a  more complex
C-2 f a r n e s y l  t h i a z o l e  w i th  t h e  d e s i r e d  p y r im id in e  f ra g m e n t  w hich  i s  
b u l k i e r  th a n  b e n z y l  b rom ide  w ould be t r o u b le s o m e .  F u r th e rm o re ,  th e  e t h e r  
l i n k a g e  h a s  t o  be  b ro k e n  t o  r e g e n e r a t e  t h e  h y d ro x y l  f u n c t i o n  w hich  i n  
t u r n  em ploys h a r s h  c o n d i t i o n s  t h a t  c o u ld  r e s u l t  i n  t h e  r e a r r a n g e m e n t  o f  
th e  t e r p e n o i d  s i d e  c h a i n .
The seco n d  m e t h o d * ^ ’ in v o l v e s  th e  c o n d e n s a t io n  o f  a  t e r p e n o i d  
th io a m id e  w i th  l - h y d ro x y -3 -b ro m o p e n t -4 -o n e  ( F ig u r e  1 7 - b ) . T h is  ap p ro ac h  
a l s o  s u f f e r s  from  two s h o r tc o m in g s .  The f i r s t  p ro b lem  c o n c e rn s  th e  
N - a l k y l a t i o n  s t e p .  As i n  th e  f i r s t  m e th o d , t h i s  c o u ld  p ro v e  im p o s s ib le  
due to  t h e  p r e s e n c e  o f  t h e  l a r g e  t e r p e n o i d  s i d e  c h a i n .  The second  
p i t f a l l  o f  t h i s  a p p ro a c h  i s  b e c a u s e  o f  t h e  low y i e l d  o f  th e  c o n d e n s a t io n  
r e a c t i o n  l e a d i n g  to  t h e  f o rm a t io n  o f  th e  t h i a z o l e  r i n g .  Even th e  employ­
ment o f  such  s im p le  p r e c u r s o r s  a s  a c e to th io a m id e  and c h l o r o a c e to n e
191r e s u l t s  i n  a 45% y i e l d  o f  th e  c o r r e s p o n d in g  t h i a z o l e .
The t h i r d  method in v o l v e s  th e  a l k y l a t i o n  o f  th ia m in e  w i th  an a l d e ­
hyde . Again p r o c e d u r e s  f o r  t h i s  ty p e  o f  a l k y l a t i o n  u s in g  complex t e r ­
p e n o id  a ld e h y d e s  h a v e  n o t  b een  r e p o r t e d  i n  t h e  l i t e r a t u r e .  S im ple a l d e ­
hydes su ch  a s  a c e ta ld e h y d e ^ " *  and b e n z a l d e h y d e , h o w e v e r ,  have been  
u sed  t o  a l k y l a t e  th ia m in e  a t  i t s  C-2 p o s i t i o n  i n  good and m o d e ra te  
y i e l d s .  The a t t r a c t i v e n e s s  o f  t h i s  p ro c e d u re  i s  t h r e e f o l d .  F i r s t ,  th e  
th ia m in e  m o ie ty  r e t a i n s  i t s  p y r im id in e  s i d e  c h a in  and th e  p ro b lem  o f  
N - a l k y l a t i o n  i s  c i r c u m v e n te d .  Second , r e l a t i v e l y  m i ld  c o n d i t i o n s  a r e
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employed t h a t  do n o t  c a u s e  any re a r ra n g e m e n t  i n  th e  t e r p e n o i d  s i d e  c h a i n .  
F i n a l l y ,  th e  r e a c t i o n  c o n s i s t s  o f  one s t e p .  T h e r e f o r e ,  th e  C-2 a l k y l ­
a t i o n  o f  th ia m in e  w i th  a  t e r p e n o i d  a ld e h y d e  a p p e a r s  to  be  t h e  m ost d e s i r ­
a b l e  s y n t h e t i c  a p p ro a c h .  I f  s u c c e s s f u l ,  t h e  h y d ro x y l  f u n c t i o n  o f  th e  
t e r p e n o id  s i d e  c h a in  c o u ld  be  red u ce d  by  known p r o c e d u r e s ,  l e a d i n g  to  th e  
fo rm a t io n  o f  2 - f a r n e s y l  th ia m in e  (F ig u r e  1 8 - a ) . Due to  i t s  a v a i l a b i l i t y ,  
c i t r a l  i n s t e a d  o f  f a r n e s a l  was employed i n  t h e  i n i t i a l  s t u d i e s .  A l l  
a t t e m p t s  t o  a l k y l a t e  t h i a m in e  w i th  c i t r a l  r e s u l t e d  i n  th e  fo rm a t io n  o f  an 
an e x t re m e ly  h y g r o s c o p ic ,  u n r e s o l v a b l e , d a r k  brown mass (E x p e r im en t 1 0 ) .
S i m i l a r  d i f f i c u l t i e s  i n  th e  C-2 a l k y l a t i o n  o f  th ia m in e  w i th  o t ,0 - u n s a t -
166u r a t e d  a ld e h y d e s  have b een  r e p o r t e d  by G ore.
Due to  t h e  d i f f i c u l t i e s  e n c o u n te r e d  i n  t h e  c a s e  o f  c i t r a l ,  th e
p o s s i b i l i t y  o f  t h e  C-2 a l k y l a t i o n  o f  th i a m in e  w i th  c i t r o n e l l a l  was
i n v e s t i g a t e d .  The u s e  o f  c i t r o n e l l a l  was b a s e d  on t h e  f a c t  t h a t  th e
p r o d u c t  o f  t h e  a l k y l a t i o n  r e a c t i o n  w ould  be i n  t h e  same o x i d a t i o n  s t a t e
as  th e  d e s i r e d  2 - f a r n e s y l  th ia m in e  d e r i v a t i v e  (F ig u r e  1 8 - b ) . T h e r e f o r e ,
th e  d e h y d r a t io n  o f  t h e  s e c o n d a ry  a l c o h o l  o b t a in e d  w ould r e s u l t  i n  th e
fo rm a t io n  o f  a d o u b le  bond w hich  c o u ld ,  on t h e o r e t i c a l  g ro u n d s ,  i s o m e r -
167i z e  to  th e  t e r t i a r y  p o s i t i o n  i n  a c c o rd a n c e  w i t h  S a y t z e f f  R u le .  Such
an i s o m e r i z a t i o n  w ould r e s u l t  i n  t h e  f o r m a t io n  o f  th e  d e s i r e d  compound 
(F ig u r e  1 8 - b ) .
In  c o n t r a s t  to  c i t r a l ,  th e  u se  o f  c i t r o n e l l a l  i n  t h e  C-2 a l k y l ­
a t i o n  o f  th ia m in e  su c c e e d e d  i n  e x c e l l e n t  y i e l d s  (E x p er im en t 9 ) .  However, 
th e  2- c i t r o n e l l o l  th i a m in e  5_ o b ta in e d  c o u ld  n o t  be  s u b j e c t e d  t o  th e  
c l a s s i c a l  a c i d  c a t a l y z e d  d e h y d r a t io n  r e a c t i o n s .  These r e a c t i o n s  
a p p e a re d  to  d e g ra d e  t h e  t h i a z o l e  r i n g ,  and p e rh a p s  a l s o  r e a r r a n g e  th e
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t e r p e n o i d  s i d e  c h a in .  F u r t h e r  l i m i t a t i o n s  w ere  im posed  on t h e  u s e  o f  
o t h e r  d e h y d r a t io n  m e thods  due t o  t h e  i n s o l u b i l i t y  o f  5 i n  a  v a r i e t y  o f  
o r g a n ic  s o l v e n t s .
At t h i s  p o i n t ,  i t  a p p e a re d  t h a t  2 - c i t r o n e l l o l  t h i a m i n e  5^was to o  
u n s t a b l e  t o  b e  u se d  a s  a  p r e c u r s o r  t o  2- g e r a n y l  t h i a m i n e ,  and  t h a t  th e  
i n v e s t i g a t i o n  w ould  have  t o  be d i r e c t e d  to w a rd s  t h e  s tu d y  o f  model 
s y s te m s .  One p o s s i b i l i t y ,  i n  t h i s  r e s p e c t ,  w ould  i n v o l v e  t h e  s y n t h e s i s  
o f  2 - g e r a n y l  t h i a z o l e  (F ig u r e  19) and t h e  s tu d y  o f  i t s  c h e m i s t r y .  The 
p r e v i o u s l y  d i s c u s s e d  s h o r tc o m in g s  o f  p r o c e d u r e s  a  and b (F ig u r e  17)
p r e c lu d e d  th e  u se  o f  e i t h e r  m ethod i n  th e  s y n t h e s i s  o f  2 - g e r a n y l  t h i a z o l e .
117 118A more a t t r a c t i v e  a p p ro a c h  ’ i n v o lv e d  t h e  c l e a v a g e  o f  2 - c i t r o n e l l o l  
th ia m in e  a t  i t s  m e th y le n e  b r i d g e  ( F ig u r e  1 0 ) .  T h is  w ould  r e s u l t  i n  t h e  
fo rm a t io n  o f  2 - c i t r o n e l l o l  t h i a z o l e .  The s o l u b i l i t y  o f  t h i s  compound i n  
o r g a n ic  s o l v e n t  w ould p r o v id e  an  o p p o r t u n i t y  t o  employ m i ld  d e h y d r a t io n  
p r o c e d u r e s  ^ 9 , 1 7 3  t ^ a t  (j G nQt r e s u ^ t  t h e  r e a r r a n g e m e n t  o f  t h e  t e r ­
p e n o id  s i d e  c h a i n .  The p r o d u c t  o f  t h e  d e h y d r a t i o n  r e a c t i o n  c o u l d ,  i n  
th e o r y ,  i s o r a e r i z e  t o  form  2 - g e r a n y l  t h i a z o l e  ( F ig u r e  1 9 ) .
A n o th e r  d e s i r a b l e  f e a t u r e  o f  t h i s  p r o c e d u r e  stemmed from  th e  f a c t  
t h a t  i t  c o u ld  p r o v id e  t h e  n eed ed  i n f o r m a t i o n  c o n c e rn in g  th e  p o s s i b i l i t y  
o f  N - a l k y l a t i o n  o f  com plex 2 - t e r p e n o i d  t h i a z o l e  d e r i v a t i v e s  w i t h  th e  
c h l o r i n a t e d  d im e th y lp y r im id in e  m o ie ty  ( F ig u r e  1 9 ) .  The c l e a v a g e  o f  5̂  
a t  i t s  m e th y le n e  c a rb o n  w ould  r e s u l t  i n  th e  f o r m a t io n  o f  2- c i t r o n e l l o l  
t h i a z o l e .  A s u c c e s s f u l  c o n d e n s a t io n  o f  t h i s  compound w i th  t h e  c h l o r i n ­
a t e d  d im e th y lp y r im id in e  m o ie ty  would r e s u l t  i n  t h e  r e f o r m a t i o n  o f  2-  
c i t r o n e l l o l  th i a m in e  5_ whose s y n t h e s i s  and s t r u c t u r a l  a s s ig n m e n t  had  
a l r e a d y  b een  a c h ie v e d  i n  E x p er im en t 9 ( F ig u r e  1 8 ) .  The p o s s i b i l i t y  o f
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N - a l k y l a t i o n  o f  com plex 2 - a l k y l  t h i a z o l e  d e r i v a t i v e s  was o f  p a r t i c u l a r  
i n t e r e s t  due t o  t h e  l a c k  o f  i n f o r m a t i o n  i n  c h e m ic a l  l i t e r a t u r e  c o n c e rn in g  
t h i s  q u e s t i o n .
B ased  on t h e  f o r e g o in g  s p e c u l a t i o n s ,  t h e  c l e a v a g e  o f  5_ t o  i t s  2 -  
c i t r o n e l l o l  t h i a z o l e  d e r i v a t i v e  was i n v e s t i g a t e d .  U sing  t h e  p r o c e d u r e  
r e p o r t e d  by W i l l i a m s ,  H ^ , 1 1 9  c i e a v a ge c f  5  ̂ was a c h ie v e d  i n  o v e r  90% 
y i e l d  i n  E x p e r im en t  11 ( F ig u r e  1 9 ) .  The 2- c i t r o n e l l o l  t h i a z o l e  6  ̂
was s u b s e q u e n t l y  a c e t y l a t e d  l e a d i n g  to  t h e  f o r m a t io n  ]_ (E x p e r im en t  12 , 
F ig u re  2 0 ) .  T h i s ,  i n  a d d i t i o n  t o  t h e  m anganese  d io x i d e  o x i d a t i o n  o f  j6 
t o  i t s  c o r r e s p o n d in g  k e t o n e  _9 (E x p e r im e n t  1 5 ) ,  p r o v id e d  a d d i t i o n a l  p r o o f  
to  th e  s t r u c t u r e  o f  _6 ( F ig u r e  20) .
N ext t h e  p o s s i b i l i t y  o f  N - a l k y l a t i o n  o f  J5 was i n v e s t i g a t e d .  U sing  
m e th y l  i o d i d e  a s  t h e  a l k y l a t i n g  r e a g e n t ,  t h e  c o r r e s p o n d in g  th i a z o l i u m  
s a l t  was o b t a i n e d  i n  82% y i e l d  i n  E x p e r im e n t  13 ( F ig u r e  2 0 - a ) . As 
p r e v i o u s l y  d i s c u s s e d ,  low y i e l d s  h av e  b e e n  r e p o r t e d  f o r  t h e  N - a l k y l a t i o n  
o f  s im p le  2 - a l k y l  t h i a z o l e  d e r i v a t i v e s  u s in g  b e n z y l  b ro m id e .  However, 
t h e  h ig h  y i e l d s  o f  t h e  N - m e th y la t i o n  o f  c i t r a n e l l o l  t h i a z o l e  p rom pted  an 
i n v e s t i g a t i o n  o f  N - a l k y l a t i o n  o f  t h i s  compound u s in g  t h e  d e s i r e d  c h l o r ­
i n a t e d  d im e th y lp y r im id in e  m o ie ty  ( F ig u r e  2 1 - b ) .  T h i s  c o n d e n s a t io n ,  i f  
s u c c e s s f u l ,  would r e s u l t  i n  t h e  f o r m a t io n  o f  2 - c i t r o n e l l o l  th ia m in e  5_. 
U n f o r t u n a t e l y ,  a l l  a t t e m p t s  i n v o l v i n g  v a r i a t i o n s  i n  t im e  and t e m p e r a tu r e  
o f  th e  r e a c t i o n  p ro v e d  u s e l e s s  i n  a c h i e v i n g  t h e  d e s i r e d  c o n d e n s a t io n  
(E x p er im en t 2 0 ) .  One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  l a c k  o f  N - a l k y l a t i o n  
c o u ld  be  t h a t  t h e  u n s h a re d  e l e c t r o n s  o f  t h e  t h i a z o l e  n i t r o g e n  may be 
in v o lv e d  i n  hyd ro g en  b o n d in g  w i th  t h e  h y d r o x y l  g roup  o f  t h e  t e r p e n o i d  
m o ie ty .  Such hyd ro g en  b o n d in g  c o u l d ,  a t  l e a s t  i n  p a r t ,  d e c r e a s e  th e
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c a p a b i l i t y  o f  t h e  t h i a z o l e  n i t r o g e n  to  c a r r y  o u t  an a t t a c k  on t h e  
c h l o r i n a t e d  d im e th y lp y r im id in e  m o ie ty .  H ydrogen bond ing  was deemed 
u n im p o r ta n t  i n  t h e  f a i l u r e  o f  th e  c o n d e n s a t io n  r e a c t i o n  when t h e  a c e t y l -  
a t e d  d e r i v a t i v e  o f  6_ ( i . e .  7) and i t s  c o r r e s p o n d in g  k e to n e  a l s o  f a i l e d  
i n  t h i s  r e a c t i o n  (E x p e r im e n t  19 , F ig u r e  2 1 - c ,  and F ig u r e  2 1 - d ) .
The a v a i l a b i l i t y  o f  k e to n e  9_ c o u ld  p r o v id e  an o p p o r t u n i t y  to  
exam ine th e  p ro p o s e d  r e l e a s e  r e a c t i o n  o f  a r t e m i s i a  k e to n e  and b a k u c h io l  
from th ia m in e  ( F ig u r e s  13 and 1 4 ) .  A G r ig n a rd  r e a c t i o n  o f  th e  k e to n e  9̂  
w ould p r o v id e  a  t e r t i a r y  a l c o h o l  a t t a c h e d  t o  t h e  C-2 p o s i t i o n  o f  th e  
t h i a z o l e  r i n g .  The N - a l k y l a t i o n  o f  t h e  l a t t e r  compound w i th  m e th y l 
i o d i d e  would p r o v id e  t h e  n e c e s s a r y  p o s i t i v e  c h a rg e  f o r  th e  r e l e a s e  o f  t h e  
a l c o h o l  v i a  th e  t h i a z o l i u m  y l i d  f o r m a t io n .  The p o s s i b i l i t y  o f  th e  N- 
m e th y la t i o n  o f  t h e  G r ig n a rd  a d d u c t s  was a t t r a c t i v e  i n  t h a t  th e  N -m e th y l -  
a t i o n  o f  t h e i r  c o r r e s p o n d in g  s e c o n d a ry  a l c o h o l  6  ̂ h ad  a l r e a d y  been  
a c h ie v e d  i n  good y i e l d s  (F ig u r e  2 1 - a ) .
Based  on t h e  above s p e c u l a t i o n s ,  a  number o f  G r ig n a rd  r e a c t i o n s  
w ere c a r r i e d  o u t  on t h e  k e to n e  _9 u s in g  b rom obenzene , c i t r o n e l l y l  b ro m id e ,  
and m e th y l i o d i d e  ( F ig u r e  2 0 ) .  T h is  r e s u l t e d  i n  t h e  f o rm a t io n  o f  t h e  
t e r t i a r y  a l c o h o l  t h i a z o l e  d e r i v a t i v e s  H), and _1 2 , r e s p e c t i v e l y
(E x p e r im en ts  16, 17 , and 1 8 ) .  I n  c o n t r a s t  t o  h o w ev e r ,  even  th e  
s i m p l e s t  t e r t i a r y  a l c o h o l  t h i a z o l e  d e r i v a t i v e  12_ showed no r e a c t i v i t y  
tow ards  N - m e th y la t io n  u s in g  m e th y l  i o d i d e  o r  d ia zo m e th an e  (E x p e r im en t  20 , 
F ig u re  2 1 - c ) .
The f a i l u r e  o f  th e  N - a l k y l a t i o n  r e a c t i o n s  may b e  a t t r i b u t e d  to
2
s t e r i c  f a c t o r s .  I n  a l l  c a s e s ,  t h e  C-2 o f  t h e  t h i a z o l e  r i n g  i s  an sp 
h y b r id i z e d  c a rb o n .  T h i s ,  i n  t u r n ,  k eep s  t h e  a d j a c e n t  t e r p e n o i d  c a rb o n
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i n  t h e  p l a n e  o f  th e  t h i a z o l e  r i n g .  U nder t h e s e  c i r c u m s ta n c e s ,  th e  t h i a ­
z o l e  n i t r o g e n  e x p e r i e n c e s  t h e  c row d ing  b r o u g h t  a b o u t  by th e  f u n c t i o n a l  
g ro u p s  a t t a c h e d  to  t h e  t e r p e n o i d  c a rb o n .  A d d i t i o n a l  crow ding  o f  th e  
t h i a z o l e  n i t r o g e n  may a l s o  be c a u sed  by t h e  lo n g  t e r p e n o i d  s i d e  c h a in  
a t t a c h e d  to  t h e  t h i a z o l e  r i n g .  The s t e r i c  i n t e r f e r e n c e  e x p e r i e n c e d  by 
t h e  t h i a z o l e  n i t r o g e n  and th e  b u l k i n e s s  o f  t h e  c h l o r i n a t e d  d im e th y l -  
p y r im id in e  m o ie ty  c o u ld  p r e v e n t  th e  d e s i r e d  c o n d e n s a t io n  be tw een  t h e s e  
two m o le c u le s .
Due to  th e  d i f f i c u l t i e s  e n c o u n te r e d  i n  t h e  s y n t h e s i s  o f  th e  2 -  
f a m e s y l  th ia m in e  a n a l o g ,  th e  em phasis  was s h i f t e d  t o  th e  s y n t h e s i s  o f  
compounds t h a t  w ould s e r v e  t o  e l u c i d a t e  th e  s u g g e s te d  b i o s y n t h e t i c  
mechanism o f  a r t e m i s i a  k e to n e  and b a k u c h i o l .  The f i n a l  t e r p e n o i d  
th ia m in e  i n t e r m e d i a t e  I I I  i n  t h e s e  c a s e s  c o n s t i t u t e d  a  t e r t i a r y  a l c o h o l  
( F ig u r e s  13 and 1 4 ) .  The s u b s e q u e n t  r e l e a s e  o f  th i a m in e  from  th e  
t e r t i a r y  a l c o h o l s  w ould r e s u l t  i n  th e  fo r m a t io n  o f  t h e  t e r p e n o i d  k e t o n e .  
T h e r e f o r e ,  an i n v e s t i g a t i o n  i n t o  t h e  s y n t h e s i s  o f  th e  t e r t i a r y  a l c o h o l  
d e r i v a t i v e s  o f  th i a m in e  was u n d e r t a k e n .  Due to  t h e  f a i l u r e  o f  t h e  N- 
a l k y l a t i o n  r e a c t i o n s ,  t h e  s y n t h e s i s  o f  t h e  d e s i r e d  t e r t i a r y  a l c o h o l  
c o u ld  n o t  be a c h ie v e d  v i a  th e  c o n d e n s a t io n  o f  th e  c o r r e s p o n d in g  t h i a z o l e  
d e r i v a t i v e  w i th  th e  p y r im id in e  m o ie ty  (E x p er im en t 2 0 ,  F ig u re  2 1 - b ) . 
T h e r e f o r e ,  th e  s y n t h e s i s  o f  t h e  p ro p o s e d  i n t e r m e d i a t e  had to  in v o lv e  an 
i n t a c t  th i a m in e  m o ie ty .
One p o s s i b i l i t y  f o r  th e  s y n t h e s i s  o f  th e  t e r t i a r y  a l c o h o l  d e r i v a ­
t i v e  o f  th i a m in e  c o u ld  b e  b a s e d  upon an enam ine a l k y l a t i o n .  However, 
t h i s  a p p ro a c h  was abandoned  when b e n z y l  b rom ide  f a i l e d  t o  a l k y l a t e  t h e  
s im p le  m e th y l  t h i a z o l i u m  d e r i v a t i v e  Q  i n  E x p e r im e n t  14 ( F ig u r e  2 0 - f ) .  A
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more a t t r a c t i v e  p o s s i b i l i t y  w ould  i n v o l v e  t h e  i s o m e r i z a t i o n  o f  th e
s e c o n d a ry  a l c o h o l  t o  i t s  c o r r e s p o n d in g  k e t o n e  v i a  an  enam ine  t a u t o m e r i -
z a t i o n .  The k e to n e  o b t a i n e d  c o u ld  b e  a l k y l a t e d  u s in g  a  G r ig n a rd  r e a c t i o n .
192The o n ly  r e p o r t e d  i s o m e r i z a t i o n  o f  a  s e c o n d a ry  a l c o h o l  d e r i v a ­
t i v e  o f  th ia m in e  to  i t s  c o r r e s p o n d in g  k e t o n e  i n v o l v e d  2- ( l - h y d r o x y e t h y l )
th ia m in e  c h l o r i d e  h y d r o c h l o r i d e  (HET) . The c o n v e r s io n  o f  HET, ]L, t o  i t s
192c o r r e s p o n d in g  k e t o n e  h ad  b e e n  r e p o r t e d  by Takamizawa and h i s  c o w o rk e rs  
i n  17% y i e l d .  H ow ever, due to  t h e  low  y i e l d  and  t h e  a m b ig u i ty  o f  t h e  
r e a c t i o n  c o n d i t i o n ,  i t  becam e n e c e s s a r y  to  r e i n v e s t i g a t e  t h e  s y n t h e s i s  o f  
HET k e t o n e .  Once t h e  optimum c o n d i t i o n s  f o r  t h i s  c o n v e r s io n  w ere  
o b t a i n e d ,  th e y  c o u ld  be  a p p l i e d  t o  t h e  c o n v e r s i o n  o f  2- c i t r o n e l l o l  
th i a m in e  d e r i v a t i v e  5̂  t o  i t s  c o r r e s p o n d in g  k e t o n e .
The c o n v e r s io n  o f  HET t o  i t s  k e t o n e  i n v o l v e s  t h e  t a u t o m e r i z a t i o n  
o f  HET im in e  t o  i t s  c o r r e s p o n d i n g  enam ine ( F i g u r e  2 2 ) .  T h i s  t a u to m e r ­
i z a t i o n  c o u ld  be  b r o u g h t  a b o u t  th ro u g h  t h e  a c t i o n  o f  a  weak b a s e  su ch  
a s  p o ta s s iu m  c a r b o n a t e .  When e t h a n o l  was u s e d  a s  a  s o l v e n t  f o r  t h i s  
c o n v e r s i o n ,  t h e  r e l e a s e  o f  a c e t a l d e h y d e  was o b s e r v e d  (E x p e r im en t  2 ) .  On 
t h e  o t h e r  h a n d ,  t h e  u s e  o f  DMF a s  a s o l v e n t  p ro v e d  s u c c e s s f u l  i n  c o n v e r ­
s io n  o f  HET to  HET k e t o n e  i n  m o d e ra te  y i e l d s  ( F i g u r e  2 2 ) .  The q u e s t i o n  
o f  r e l e a s e  o f  a c e t a l d e h y d e  may t h e r e f o r e  b e  a n sw e re d  by  c o n s i d e r i n g  
th e  p a r t i c i p a t i o n  o f  e t h a n o l  i n  t h i s  r e a c t i o n .  The a d d i t i o n  o f  n u c l e o ­
p h i l e s  t o  t h e  t h i a z o l e  r i n g  i s  a w e l l  d e m o n s t r a t e d  f a c t . ^ ^  By
c o n s i d e r i n g  e t h a n o l  a  p o t e n t i a l  n u c l e o p h i l e ,  a  m echanism  ca n  be p ro p o s e d  
178to  e x p l a i n  t h e  r e l e a s e  o f  a c e t a l d e h y d e  from  HET ( F ig u r e  2 3 ) .  I n  t h i s  
m echanism , e t h a n o l  s e r v e s  a s  a  n u c l e o p h i l e  and  a t t a c k s  t h e  C-2 p o s i t i o n  
o f  t h e  t h i a z o l e  r i n g  o f  HET. T h is  r e s u l t s  i n  t h e  f o r m a t io n  o f
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i n t e r m e d i a t e  I  i n  w h ich  th e  C-2 o f  t h i a z o l e  i s  a t t a c h e d  to  t h r e e  e l e c t r o n  
w ith d ra w in g  atom s S, N, and 0 .  The t h i a z o l e  r i n g  w ou ld ,  t h e r e f o r e ,  be  
c a p a b le  o f  accom m odating a  n e g a t i v e  c h a rg e  a t  i t s  C-2 p o s i t i o n .  Such a 
c a p a b i l i t y  w ould  i n  t u r n  f a c i l i t a t e  th e  r e l e a s e  o f  a c e ta ld e h y d e  w i th  s u b ­
s e q u e n t  f o r m a t io n  o f  I I .  I n t e r m e d i a t e  I I  can th e n  a b s t r a c t  a  p r o to n  
from  th e  s o l v e n t ,  l e a d i n g  t o  th e  fo r m a t io n  o f  I I I .  The a r o m a t i c i t y  o f  
th e  t h i a z o l e  r i n g  i s  s u b s e q u e n t l y  r e e s t a b l i s h e d  by th e  a d d i t i o n  o f  th e  
u n s h a re d  p a i r  o f  e l e c t r o n s  on n i t r o g e n  t o  th e  r i n g  and e j e c t i o n  o f  
e t h o x i d e .  C l e a r l y ,  no r e l e a s e  o f  a c e ta l d e h y d e  i s  o b se rv e d  i n  th e  c a s e  
o f  DMF due to  th e  i n a b i l i t y  o f  t h i s  s o l v e n t  t o  a c t  a s  a  n u c l e o p h i l e .
Once th e  d e s i r e d  k e to n e  (2) was o b t a i n e d  i n  m o d e ra te  y i e l d s , th e  
p o s s i b i l i t y  o f  i t s  e n o l i z a t i o n  and s u b s e q u e n t  enam ine a l k y l a t i o n  was 
s t u d i e d .  Such an a l k y l a t i o n ,  i f  s u c c e s s f u l ,  w ould  r e s u l t  i n  th e  form­
a t i o n  o f  a  t e r t i a r y  a l c o h o l  d e r i v a t i v e  o f  t h i a m i n e .  The c l a s s i c a l  
method o f  t r a p p i n g  a  k e to n e  i n  i t s  e n o l  form i n v o l v e s  t h e  fo rm a t io n  o f  
i t s  e n o l - a c e t a t e  d e r i v a t i v e .  T h is  c o u ld  b e  a c c o m p lish e d  by t r e a t i n g  th e  
k e to n e  w i th  r e f l u x i n g  i s o p r o p e n y l  a c e t a t e  i n  t h e  p r e s e n c e  o f  t r a c e  
amounts o f  a c i d  (E x p er im en t 5 ;  P a r t  B ) . The p r o d u c t  o f  t h i s  r e a c t i o n ,  
how ever,  was n o t  th e  e x p e c te d  e n o l  a c e t a t e ,  b u t  a  com plex t r i c y c l i c  
compound 4_. The s t r u c t u r a l  a s s ig n m e n t  o f  t h i s  h e t e r o c y c l e ,  b a s e d  on IR 
and PMR s p e c t r a  and e l e m e n t a l  a n a l y s i s , showed i t  t o  h a v e  b een  formed 
from an i n t r a m o l e c u l a r  a t t a c k  o f  th e  am ine group o f  th e  p y r im id in e  
m o ie ty  on th e  N-0 k e t a l  o f  i_he p e r h y d r o f u r o  r i n g  (F ig u re  2 4 ) .  S in ce  t h i s  
r e a c t i o n  a p p e a re d  t o  p ro c e e d  a t  r e l a t i v e l y  h ig h  t e m p e r a t u r e s ,  t h i s  p o s s ­
i b i l i t y  was exam ined  by th e  s u s p e n s io n  o f  HET k e t o n e  2_ i n  b o i l i n g  w a te r  
(E x p er im en t 4 ) .  The compound i s o l a t e d ,  3̂ , v e r i f i e d  th e  p r e v io u s
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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s p e c u l a t i o n .  F u r th e rm o re ,  th e  a c e t y l a t i o n  o f  3_ (E x p e r im en t 5 ;  P a r t  A) 
r e s u l t e d  i n  th e  c o n v e r s io n  o f  _3 t o  4 ( F ig u r e  2 4 ) .
S in c e  no enam ine ty p e  r e a c t i o n s  can be  c a r r i e d  o u t  on th e  t r i c y c l i c  
compounds _3 and 4^ an i n v e s t i g a t i o n  o f  t h e i r  r e t r o c o n v e r s i o n  t o  HET 
k e to n e  2^was u n d e r t a k e n .  On m e c h a n i s t i c  g ro u n d s ,  such  a  r e t r o c o n v e r s i o n  
co u ld  be  b ro u g h t  a b o u t  by th e  t r e a tm e n t  o f  J3 w i t h  a c i d .  T h is  t r e a t m e n t  
how ever,  r e s u l t e d  i n  th e  r e l e a s e  o f  a c e ta ld e h y d e  and th e  f o rm a t io n  o f  
th ia m in e  from (E x p e r im en t  7 ) .  The p o s s i b i l i t y  o f  th e  p a r t i c i p a t i o n  o f  
HET k e to n e  2̂  i n  t h i s  r e a c t i o n  was th e n  i n v e s t i g a t e d  by s u b j e c t i n g  t h i s  
compound to  a c i d  t r e a tm e n t  (E x p er im en t 6 ) .  The s u b s e q u e n t  d i s c o v e r y  t h a t  
such  a  t r e a tm e n t  r e s u l t s  i n  t h e  r e l e a s e  o f  a c e ta ld e h y d e  and th e  fo rm a t io n  
o f  th i a m i n e ,  e s t a b l i s h e d  th e  r o l e  o f  HET k e to n e  i n  th e  r e l e a s e  r e a c t i o n .  
The q u e s t i o n  o f  w h e th e r  th e  f o r m a t io n  o f  HET p r e c e d e s  th e  r e l e a s e  
o f  a c e ta ld e h y d e  was s u b s e q u e n t l y  i n v e s t i g a t e d  i n  E xp erim en t 8 . In  t h i s  
c a s e ,  no a c e ta ld e h y d e  was r e l e a s e d  from  HET u n d e r  a c i d i c  c o n d i t i o n s .  I t  
w as ,  t h e r e f o r e ,  c o n c lu d e d  t h a t  HET k e to n e  1_ i s  an i n t e r m e d i a t e  i n  th e  
r e l e a s e  o f  a c e ta ld e h y d e  from  .3, and HET i t s e l f  does  n o t  p a r t i c i p a t e  i n  
th e  r e l e a s e  r e a c t i o n .
Based upon th e  e x p e r i m e n t a l  o b s e r v a t i o n s , a mechanism may be p r o -  
178posed  t o  e x p l a i n  t h e  r e l e a s e  o f  a c e ta ld e h y d e  from 3̂  u n d e r  a c i d i c  
c o n d i t i o n s  ( F ig u r e  2 5 ) .  T h is  mechanism i n c l u d e s  HET k e to n e  2. i-n  ^ t s  
pathway and in v o lv e s  th e  same i n t e r m e d i a t e  I I I  p ro p o se d  f o r  th e  r e l e a s e  
o f  a c e ta ld e h y d e  from  HET u n d e r  b a s i c  c o n d i t i o n s  (F ig u re  2 3 ) .
Once th e  sco p e  and l i m i t a t i o n s  o f  HET k e to n e  r e a c t i o n s  became c l e a r ,  
th e  i s o m e r i z a t i o n  o f  more com plex s e c o n d a ry  a l c o h o l s  to  t h e i r  c o r r e s ­
pond ing  k e to n e s  c o u ld  be s t u d i e d .  I n i t i a l l y ,  th e  c o n v e r s io n  o f  8  ̂ t o  i t s
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c o r r e s p o n d in g  k e to n e  13 was i n v e s t i g a t e d  i n  E x p e r im e n t  20 . I t  was 
s u b s e q u e n t ly  d i s c o v e r e d  t h a t  th e  i s o m e r i z a t i o n  o f  _8 t o  can  be  accomp­
l i s h e d  i n  90% y i e l d  (F ig u r e  2 6 ) .  The e x c e l l e n t  y i e l d  o f  t h i s  c o n v e r s io n  
p rom pted  an i n v e s t i g a t i o n  o f  th e  i s o m e r i z a t i o n  o f  2 - c i t r o n e l l o l  th i a m in e  
d e r i v a t i v e  _5 t o  i t s  c o r r e s p o n d in g  k e to n e  JL4 ( F ig u r e  2 6 ) .  The c o n v e r s io n  
o f  _5 to  JL4 was s u b s e q u e n t ly  a c h ie v e d  i n  72% y i e l d  i n  E x p e r im en t  22 .
The a v a i l a b i l i t y  o f  k e to n e  JL4 c o u ld ,  on t h e o r e t i c a l  g ro u n d s ,  be  
e x p l o i t e d  f o r  th e  s y n t h e s i s  o f  a  t e r p e n o i d  th i a m in e  d e r i v a t i v e  a n a lo g o u s  
to  i n t e r m e d i a t e  I  i n  th e  p ro p o s e d  b i o s y n t h e s i s  o f  p r e s q u a l e n e  p y ro ­
p h o s p h a te  (F ig u re  1 5 ) .  T h is  c o u ld  be a c h ie v e d  by th e  r e d u c t i o n  o f  th e  
c a r b o n y l  f u n c t i o n  o f  t h e  k e t o n e ,  l e a d i n g  to  t h e  f o r m a t io n  o f  an o l e f i n  
p e r h y d r o f u r o th i a m i n e  d e r i v a t i v e .  The r e d u c e d  th ia m in e  m o ie ty  c o u ld  th e n  
be  o x id i z e d  u s in g  i o d i n e  o r  m e r c u r i c  a c e t a t e  t o  g e n e r a t e  th e  c o r r e s ­
p o n d in g  o l e f i n  th ia m in e  d e r i v a t i v e  (F ig u r e  2 6 ) .
I n  an a t t e m p t  t o  re d u c e  k e to n e s  13 and 1A_, t h e  p r o c e d u r e  r e p o r t e d  
128by K irm s e , f o r  th e  r e d u c t i o n  o f  com plex c a r b o n y l  f u n c t i o n s , was 
em ployed . T h is  method was a t t r a c t i v e  i n  t h a t  i t  u t i l i z e s  m i l d e r  c o n d i ­
t i o n s  as  compared to  th e  Clemmensen r e d u c t i o n  and lo w e r  t e m p e r a t u r e s  a s  
compared t o  th e  W o lf f -K is h n e r  r e d u c t i o n .  S u b s e q u e n t l y ,  th e  k e t o n e s  13 
and 14 w ere  r e a c t e d  w i th  t o s y l h y d r a z i d e  i n  b o i l i n g  e t h a n o l ,  l e a d i n g  t o  
th e  f o rm a t io n  o f  t h e i r  c o r r e s p o n d in g  to s y lh y d r a z o n e  d e r i v a t i v e s .  The 
fo rm a t io n  o f  th e  l a t t e r  compounds was a c h ie v e d  i n  m o d e ra te  y i e l d s  and 
a s c e r t a i n e d  by PMR s p e c t r o s c o p y .  The s u b s e q u e n t ,  and r e q u i r e d ,  a d d i t i o n  
o f  sodium  e t h o x id e  to  g e n e r a t e  n i t r o g e n ,  £ - t o l u e n e  s u l f o n i c  a c i d ,  and 
th e  d e s i r e d  o l e f i n ,  ho w ev er ,  r e s u l t e d  i n  th e  f o r m a t io n  o f  an u n r e s o l v -  
a b l e  m ass .  The o d o r  o f  s u l f u r  was i n d i c a t i v e  o f  o p e n in g  o f  th e  t h i a z o l e
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r i n g  i n  b o th  c a s e s .  I n  th e  c a se  o f  th e  h y d ra z o n e  o f  1 3 ,  th e  r e l e a s e  o f  
th e  p y r im id in e  s i d e  c h a in  was docum ented w hich  may be a t t r i b u t e d  t o  
s t e r i c  f a c t o r s  (E x p e r im en t  2 3 ) .
With th e  f a i l u r e  o f  th e  r e d u c t i o n  o f  k e to n e  JL4, i t  became c l e a r  
t h a t  t h i s  compound c o u ld  n o t  be  u t i l i z e d  i n  th e  e l u c i d a t i o n  o f  th e  p r o ­
p o se d  mechanism o f  p r e s q u a l e n e  p y ro p h o s p h a te  b i o s y n t h e s i s .  On th e  o t h e r  
h a n d ,  k e to n e  Li p r e s e n t e d  an e x c e l l e n t  o p p o r t u n i t y  t o  a s s e s s  th e  r e l e a s e  
m echanism p ro p o se d  i n  th e  c a s e  o f  a r t e m i s i a  k e to n e  and b a k u c h io l  (F ig u r e s  
13 and 1 4 ) .  The p ro p o s e d  i n t e r m e d i a t e s ,  I I I ,  i n  th e  r e l e a s e  r e a c t i o n  o f  
t h e s e  i r r e g u l a r  t e r p e n e s  c o n s t i t u t e d  a t e r t i a r y  a l c o h o l  a t t a c h e d  t o  th e  
C-2 o f  th i a m in e .  Such a  t e r t i a r y  a l c o h o l  c o u ld ,  i n  t h e o r y ,  be s y n th e ­
s i z e d  by a l k y l a t i o n  o f  14 v i a  a  G r ig n a rd  r e a c t i o n .  The o n ly  d e f i c i e n c y  
i n  th e  s t r u c t u r e  o f  t h e  G r ig n a rd  a d d u c t  form ed w ould  o r i g i n a t e  from th e  
re d u c e d  s t a t e  o f  th e  p e r h y d r o f u r o  form  o f  th i a m in e .  The o x i d a t i o n  o f  th e  
p e r h y d r o f u r o  r i n g  o f  t h e  G r ig n a rd  a d d u c t  w o u ld ,  h o w ev e r ,  l e a d  t o  th e  
fo rm a t io n  o f  th e  t h i a z o l e  r i n g .  T h i s ,  i n  t u r n ,  w ould  p r o v id e  th e  
r e q u i r e d  p o s i t i v e l y  c h a rg e d  n i t r o g e n  l e a d i n g  t o  th e  r e l e a s e  o f  th e  h y d ro ­
c a rb o n  v i a  th e  f o rm a t io n  o f  th ia m in e  y l i d  ( F ig u r e s  13 and 1 4 ) .
The s y n t h e s i s  o f  th e  G r ig n a rd  a d d u c ts  o f  14 was ac c o m p lish e d  in  
o v e r  60% y i e l d .  Bromobenzene was u sed  f o r  a l k y l a t i o n  i n  E x p e r im en t 2 4 ,  
and c i t r o n e l l y l  b rom ide  was th e  a l k y l a t i o n  r e a g e n t  em ployed in  E x p er im en t 
2 8 ,  l e a d in g  to  th e  f o rm a t io n  o f  13 and 1 8 ,  r e s p e c t i v e l y  ( F ig u r e  2 7 ) .
The a n t i c i p a t e d  r e l e a s e  p r o d u c t s  w ere th e n  s y n t h e s i z e d  as  t h e i r  a l c o h o l  
( 1 6 ,  19) v i a  a G r ig n a rd  r e a c t i o n  (E x p e r im e n ts  25 and 2 9 ) .  The r e s u l t i n g  
a l c o h o l s  w ere o x id i z e d  t o  t h e i r  c o r r e s p o n d in g  k e to n e s  ( 1 7 , 20 ) i n  
E x p e r im en ts  26 and 30. Compounds _17 and 20̂  w ould  be i d e n t i c a l  t o  th e
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h y d ro c a rb o n s  t h a t  w ere  a n t i c i p a t e d  t o  be  r e l e a s e d  from  JL5 and 1 8 , 
r e s p e c t i v e l y  (F ig u r e  2 7 ) .
Two d i f f e r e n t  m ethods w ere em ployed f o r  o x i d a t i o n  o f  _15_ and JL8 
to  t h e i r  c o r r e s p o n d in g  t h i a z o l i u m  d e r i v a t i v e s .  The f i r s t  m ethod in v o lv e d  
th e  u se  o f  m e rc u r ic  a c e t a t e  as th e  o x i d i z i n g  r e a g e n t  (E x p er im en ts  27 and 
31; P a r t  A ). In  t h i s  m ethod , th e  r e l e a s e  o f  th e  t e r p e n o i d  s i d e  c h a in  
was docum ented by c o m p a ra t iv e  TLC o f  th e  e t h e r  s o l u b l e  f r a c t i o n  w i th  
compounds 17 and 2f). The fo rm a t io n  o f  t h i a m i n e ,  h ow ever ,  c o u ld  n o t  be 
shown due t o  th e  p r e c i p i t a t i o n  o f  a  w a te r  i n s o l u b l e  u n r e s o l v a b l e  m a s s , 
w hich c o n s t i t u t e d  th e  e t h e r  i n s o l u b l e  f r a c t i o n .
In  th e  seco n d  m ethod , i o d i n e  was u sed  a s  th e  o x i d i z i n g  r e a g e n t  
(E xperim en ts  27 and 31 ; P a r t  B ) . As i n  th e  c a s e  o f  m e rc u r ic  a c e t a t e ,  
th e  r e l e a s e  o f  th e  t e r p e n o i d  s i d e  c h a in  was docum ented by c o m p a ra t iv e  
TLC o f  th e  e t h e r  s o l u b l e  f r a c t i o n  w i th  compounds J 7  and 2j0. I n  c o n t r a s t  
to  th e  m e rc u r ic  a c e t a t e  m e thod , th e  e t h e r  i n s o l u b l e  f r a c t i o n  was w a te r  
s o l u b l e  and p ro v e d  t o  be  th ia m in e  (E x p er im en ts  27 and 31 ; P a r t  B ) .
The first step in the mechanism of the release reaction involves
th e  o x i d a t i o n  o f  th e  p e r h y d r o f u r o  r i n g  to  i t s  c o r r e s p o n d in g  t h i a z o l i u m
d e r i v a t i v e .  T h is  c o u ld  be b r o u g h t  a b o u t  by th e  a t t a c k  o f  th e  s u l f u r  
130 131atom ’ on th e  i o d i n e  m o le c u le  (o r  m ercury  a to m ) , l e a d i n g  t o  th e  
fo rm a t io n  o f  a  p o s i t i v e l y  c h a rg e d  complex ( F ig u r e  2 7 ) .  The p r o to n  a t  
th e  C-2 p o s i t i o n  o f  th e  p o s i t i v e l y  c h a rg e d  r i n g  can now be a b s t r a c t e d  by 
I  o r  CH^COO g e n e r a te d  from  th e  i n i t i a l  a t t a c k .  T h is  w ould  l e a d  t o  th e  
fo rm a t io n  o f  a  d o u b le  bond i n  th e  r i n g  w i th  s u b s e q u e n t  d e p a r t u r e  o f  
io d i n e  (F ig u re  2 7 ) .  I n  th e  c a se  o f  m e rc u r ic  a c e t a t e ,  th e  p r e c i p i t a t i o n  
o f  e l e m e n t a l  m ercury  o c c u r s .  The u n s h a re d  p a i r  o f  e l e c t r o n s  on n i t r o g e n
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can  s u b s e q u e n t l y  a t t a c k  th e  p o s i t i v e l y  c h a rg e d  r i n g .  T h is  w ould  r e s u l t  
i n  th e  d i s p la c e m e n t  o f  th e  s u l f u r - c a r b o n  d o u b le  bond and th e  d i s a p p e a r ­
ance o f  th e  p o s i t i v e  c h a rg e  o f  t h e  s u l f u r  a tom . The f u l l  a r o m a t i c i t y  o f  
th e  r i n g  can now be r e c l a im e d  by th e  a b s t r a c t i o n  o f  C-5 p r o t o n ,  l e a d i n g  
t o  th e  c le a v a g e  o f  th e  c a rb o n -o x y g e n  bond ( F ig u r e  2 7 ) .  The r e s u l t i n g  
t e r p e n o i d  th ia m in e  d e r i v a t i v e  can th e n  be  c l e a v e d  by t h e  a b s t r a c t i o n  o f  
th e  t e r p e n o i d  h y d r o x y l  p r o to n  and t h e  s u b s e q u e n t  f o rm a t io n  o f  t h i a m i n e .
Once t h e  fo r m a t io n  and t h e  r e l e a s e  o f  t h e  t e r t i a r y  a l c o h o l  d e r i v ­
a t i v e  o f  th i a m in e  was shown i n  c h e m ic a l  m odel s y s t e m s ,  i t s  v i a b i l i t y  i n  
b i o l o g i c a l  s y s te m s  had  t o  be  i n v e s t i g a t e d .  The im p o r ta n c e  o f  t h i s
i n v e s t i g a t i o n  f i n d s  i t s  o r i g i n  i n  th e  e x p e r i m e n t a l  w orks o f  B e l l  and 
179R i s i n g e r .  T hese  i n v e s t i g a t o r s  h av e  o b s e rv e d  t h a t  when an e q u im o la r
m ix tu re  o f  th i a m in e  p y r o p h o s p h a te ,  g e r a n i o l  and c i t r a l  a r e  su sp e n d e d  i n
a  y e a s t  p r e p a r a t i o n  c o n t a i n i n g  th e  s q u a le n e  s y n t h e s i z i n g  enzym e, a  C20
h y d ro c a rb o n  i s  fo rm ed . The s t r u c t u r e  o f  t h i s  h y d r o c a r b o n ,  h o w ev e r ,
c o u ld  n o t  b e  e x p l a in e d  by a  s im p le  t a i l  t o  t a i l  d i m e r i z a t i o n  o f  th e
m o n o te rp en es  u s e d .  B ased  on th e  mass s p e c t ru m  d a t a ,  a  t e n t a t i v e  s t r u c t -
179u r a l  a s s ig n m e n t  t o  t h i s  h y d ro c a rb o n  was made ( F ig u re  2 8 ) .  As can be  
s e e n  from  th e  t e n t a t i v e  s t r u c t u r e  o f  t h i s  compound, th e  mechanism 
s u g g e s te d  f o r  th e  b i o s y n t h e s i s  o f  a r t e m i s i a  k e to n e  and b a k u c h i o l  may be  
e a s i l y  e x te n d e d  t o  th e  b i o s y n t h e s i s  o f  t h i s  C£q i r r e g u l a r  t e r p e n e  
( F ig u re  3 1 - b ) .
The f i n a l  p r o o f  t o  th e  s t r u c t u r e  o f  t h i s  compound c o u ld  be  g iv e n  by 
i t s  c h e m ic a l  s y n t h e s i s .  Due to  th e  c o m p le x i ty  o f  th e  p ro p o s e d  s t r u c t u r e ,  
no c o n v e n t i o n a l  m ethods c o u ld  be  em ployed f o r  th e  s y n t h e s i s  o f  t h i s  
compound and i t s  s u b s e q u e n t  s t r u c t u r a l  p r o o f .  However, t h e  p r o c e d u r e
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known as th e  c o n t in u o u s  f low  R e fo rm a tsk y ,  r e p o r t e d  i n  1976 , c o u ld  t h e o r ­
e t i c a l l y  be u sed  t o  g e n e r a t e  th e  p ro p o s e d  abno rm al t e r p e n e  (E xperim en t 
3 4 ) .  I n  o r d e r  to  g e n e r a t e  th e  a l c o h o l  p r e c u r s o r  o f  t h i s  i r r e g u l a r  Ĉ  
t e r p e n o i d  k e t o n e ,  c i t r a l  and g e r a n y l  b rom ide  w ere  condensed  on a  z i n c  
column. The t r a n s i t i o n  s t a t e  o f  t h i s  r e a c t i o n  i n v o l v e s  th e  c o l l a p s e  o f  
a s i x  membered r i n g  i n t e r m e d i a t e  (F ig u re  2 9 ) .  The a l c o h o l  form ed c o u ld  
s u b s e q u e n t ly  be  o x id i z e d  to  form th e  d e s i r e d  k e t o n e .  The s y n t h e s i s  o f  
th e  C2o a l c o h o l ,  h o w ev e r ,  p ro v ed  u n s u c c e s s f u l  due to  th e  f u r t h e r  
r e a r r a n g e m e n ts  o f  th e  p r o d u c t  ( F ig u r e  2 9 ) .  The IR  s p e c t ru m  o f  th e  
p r o d u c t  showed an a b s o r p t i o n  a t  3400 cm \  e s t a b l i s h i n g  th e  p r e s e n c e  
o f  a  h y d ro x y l  group i n  th e  p r o d u c t .  The a b se n c e  o f  a  s h a rp  s i g n a l  i n  
th e  PMR s p e c tru m  a t  a p p ro x im a te ly  1 .2  ppm, c o r r e s p o n d in g  to  an i s o l a t e d  
m e th y l  g ro u p ,  was i n d i c a t i v e  o f  th e  m i g r a t i o n  o f  t h i s  m o ie ty .  F u r t h e r ­
m ore , th e  p r e s e n c e  o f  a  d o u b le t  a t  0 .9 7  ppm w h ic h ,  i n t e g r a t e d  f o r  t h r e e  
p r o t o n s ,  e s t a b l i s h e d  th e  p o s i t i o n  o f  t h i s  m e th y l  g roup as b e in g  a d j a c e n t  
t o  a  ca rb o n  b e a r i n g  a  p r o to n  (PMR 22 and 2 3 ) .  The d a t a  o b t a in e d  from  
th e  c r a c k in g  p a t t e r n  o f  t h i s  compound a l s o  s u p p o r t  th e  p ro p o s e d  
r e a r r a n g e m e n t  o f  F ig u r e  27 . A p a r e n t  p e a k  o f  ra/e = 290 f i t s  th e  m o lec­
u l a r  w e ig h t  o f  th e  s u g g e s t e d  r e a r r a n g e m e n t  p r o d u c t .  A l a r g e r  p e a k  a t  
m/e = 272 c o r re s p o n d s  to  th e  l o s s  o f  a w a te r  m o le c u le  d u r in g  th e  i r r a d i ­
a t i o n  p r o c e s s .  T h is  i s  c h a r a c t e r i s t i c  o f  t e r t i a r y  a l c o h o l s .  O th e r  m/e 
v a l u e s  v e r i f y i n g  th e  p ro p o s e d  s t r u c t u r e  w ere 2 5 7 ,  2 0 3 ,  188 , 1 3 8 ,  135 , 
120 ,  6 9 ,  and 18. F u r th e r m o re ,  th e  f a i l u r e  o f  num erous o x i d a t i o n  m ethods 
s u b s t a n t i a t e d  t h e  n a t u r e  o f  th e  r e a r r a n g e m e n t  p r o d u c t  as  a  t e r t i a r y
a l c o h o l  (E x p er im en t 3 5 ) .  The m a j o r i t y  o f  t h e  o x i d a t i o n  m ethods
,1 2 2 ,1 3 6 ,1 9 3 -2 0 2  . _ , . . .  .  . , .em ployed  r e s u l t e d  i n  th e  d i s a p p e a r a n c e  o f  th e  h y d ro x y l
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a b s o r p t i o n  i n  th e  IR  s p e c t r a  w i t h o u t  th e  c o r r e s p o n d in g  a p p e a ra n c e  o f  a 
c a rb o n y l  a b s o r p t i o n .  The c r a c k in g  p a t t e r n  o f  th e  p r o d u c t  o b t a in e d  from  
th e  o x i d a t i o n  r e a c t i o n s  i d e n t i f i e d  them as  th e  d e h y d ra te d  fo rm  o f  th e  
s t a r t i n g  m a t e r i a l .  The f o l l o w i n g  m/e v a l u e s  i l l u s t r a t e  t h i s  p o i n t :
272, 203 ,  201 ,  69.
A r e a s o n a b l e  m echanism  c o u ld  be p u t  fo rw a rd  t o  e x p l a i n  th e
o b se rv ed  re a r r a n g e m e n t  (F ig u re  2 9 ) .  T h is  in v o l v e s  th e  a t t a c k  o f  th e
e t h y le n e  d o u b le  bond on th e  c a rb o n  b e a r i n g  th e  h y d ro x y l  g ro u p .  Such an
a t t a c k  w ould l e a d  to  t h e  f o rm a t io n  o f  a  h o m o a l ly l i c  carbon ium  io n  w h ich
co u ld  u n d erg o  a m e th y l  s h i f t ,  g e n e r a t i n g  a  more s t a b l e  ca rbon ium  io n .
The l a t t e r  s p e c i e s  can th e n  be  a t t a c k e d  by a  w a te r  m o le c u le  t o  y i e l d
th e  o b ta in e d  a l c o h o l  ( F ig u r e  2 9 ) .  The f a i l u r e  o f  t h i s  r e a c t i o n  to  y i e l d
th e  d e s i r e d  a l c o h o l  e l i m i n a t e d  th e  p r e s e n t a t i o n  o f  an u n e q u iv o c a l  p r o o f
179to  th e  s t r u c t u r e  o f  th e  h y d ro c a rb o n  i s o l a t e d  by B e l l .  Due t o  i t s  
im p o r ta n c e ,  h ow ever ,  th e  p o s s i b i l i t y  o f  o t h e r  s y n t h e t i c  m ethods l e a d i n g  
to  the  fo rm a t io n  o f  t h i s  compound a r e  b e i n g  i n v e s t i g a t e d  a t  p r e s e n t  t im e  
i n  th e s e  l a b o r a t o r i e s .
In  c o n t r a s t  t o  th e  r e a r r a n g e m e n ts  o b s e rv e d  w i th  c i t r a l ,  th e  
R efo rm atsky  r e a c t i o n  o f  c i t r o n e l l a l  and g e r a n y l  b rom ide  p ro v e d  s u c c e s s ­
f u l  (E xperim en t 3 2 ) .  The C£q a l c o h o l  21 o b t a i n e d  was s u b s e q u e n t ly  
o x id i z e d  to  i t s  c o r r e s p o n d in g  k e to n e  22̂  as  shown i n  F ig u re  30 
(E x p er im en t 3 3 ) .
The a v a i l a b i l i t y  o f  22 p r e s e n t e d  an e x c e l l e n t  o p p o r t u n i t y  t o  
a s s e s s  th e  v a l i d i t y  o f  th e  mechanism p ro p o s e d  f o r  th e  b i o g e n e s i s  o f  th e  
p r e v i o u s l y  d i s c u s s e d  i r r e g u l a r  t e r p e n e s  ( F ig u r e s  1 3 ,  14 , and 1 5 ) .  The 
d i s a d v a n ta g e  w i th  22  ̂ i s  th e  f a c t  t h a t  i t  i s  th e  s a t u r a t e d  a n a lo g  o f  th e
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179compound i s o l a t e d  by B e l l .  On th e  o t h e r  h a n d ,  v i r t u a l l y  n o t h i n g  i s  
known a b o u t  th e  s p e c i f i c i t y  o f  th e  enzyme c a t a l y z i n g  th e  c o n d e n s a t io n  o f  
c i t r a l  and g e r a n y l  p y ro p h o s p h a te  ( F ig u r e  3 1 - b ) . T h e r e f o r e ,  2 - c i t r o n e l l o l  
th ia m in e  5̂  may mimic th e  f u n c t i o n  o f  2 - g e r a n i o l  th ia m in e  I  i n  th e  
c o n d e n s a t io n  r e a c t i o n  due t o  t h e i r  c l o s e  s t r u c t u r a l  s i m i l a r i t i e s  ( F ig u re  
3 1 - a ) . A no ther  p o s s i b i l i t y  i s  t h a t  a  s p e c i f i c  enzyme e x i s t s  i n  y e a s t  
t h a t  c a t a l y z e s  th e  c o n d e n s a t io n  o f  c i t r o n e l l a l  and g e r a n y l  p y ro p h o s p h a te  
l e a d in g  t o  th e  f o rm a t io n  o f  22̂  ( F ig u r e  3 1 - a ) .  I n  e i t h e r  c a s e ,  th e  
i s o l a t i o n  o f  22 from  th e  y e a s t  p r e p a r a t i o n  u se d  by B e l l  w ould  p ro v e  t h a t  
th e  p ro p o se d  mechanism i s  o p e r a t i v e  i n  b i o l o g i c a l  s y s te m s .  The sug­
g e s te d  b i o s y n t h e t i c  pa thw ay  o f  22 i s  shown i n  F ig u r e  3 1 -a .  The p ro p o se d  
mechanism i s  s i m i l a r  to  th e  ones p u t  fo rw ard  i n  th e  c a se  o f  a r t e m i s i a  
k e t o n e ,  b a k u c h i o l ,  and  p r e s q u a l e n e  ( F ig u r e s  1 3 ,  14 , and 1 5 ) .  C l e a r l y ,
th e  s u b s t i t u t i o n  o f  c i t r a l  f o r  c i t r o n e l l a l  (F ig u re  31 -b )  w ould  l e a d  t o
179th e  fo rm a t io n  o f  th e  C^g h y d ro c a rb o n  i s o l a t e d  by B e l l .
The f i r s t  s t e p  o f  th e  p ro p o s e d  m echanism  f o r  th e  b i o s y n t h e s i s  o f  
22 in v o lv e s  th e  f o r m a t io n  o f  2 - c i t r o n e l l o l  th ia m in e  d e r i v a t i v e  5_. S in ce  
t h i s  compound had  a l r e a d y  b een  s y n t h e s i z e d ,  i t  c o u ld  be d i r e c t l y  used  
in  th e  y e a s t  p r e p a r a t i o n .  T h is  i s ,  i n  f a c t ,  a d v a n ta g e o u s  i n  t h a t  i t  
documents th e  v a l i d i t y  o f  th e  f i r s t  s t e p  i n  th e  p ro p o s e d  b i o s y n t h e t i c  
schem e. S u b s e q u e n t ly ,  t r i t i u m  l a b e l e d  g e r a n i o l  2J3 and 5_ w ere u sed  as 
s u b s t r a t e s  to  exam ine th e  p o s s i b i l i t y  o f  th e  b i o s y n t h e s i s  o f  22̂  i n  
y e a s t  p r e p a r a t i o n  (E x p e r im e n t  3 5 ) .  The u s e  o f  t r i t i u m  l a b e l e d  g e r a n i o l  
was b a s e d  on a  number o f  r e a s o n s .  F i r s t ,  th e  p r e s e n c e  o f  th e  l a b e l  
w ould e l i m i n a t e  th e  p o s s i b i l i t y  o f  r e l e a s e  o f  c i t r o n e l l a l  fo l lo w e d  by 
i t s  s e l f - c o n d e n s a t i o n  to  form  a  C2Q h y d ro c a rb o n .  S econd , th e
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p e r c e n ta g e  o f  i n c o r p o r a t i o n  o f  g e r a n i o l  i n t o  22̂  c o u ld  be  c a l c u l a t e d .  
T h i r d ,  th e  p r e s e n c e  o f  l a b e l  w ould  f a c i l i t a t e  th e  i d e n t i f i c a t i o n  o f  2 2 .
C o n s id e r in g  th e  a d v a n ta g e s  i n  th e  u s e  o f  t r i t i u m  l a b e l e d  g e r a n i o l  
and 5_, th e s e  compounds w ere  em ployed  as  s u b s t r a t e s  f o r  th e  b i o s y n t h e s i s  
o f  22 i n  y e a s t  p r e p a r a t i o n s  (E x p e r im e n t  3 5 ) .  ATP was a l s o  added t o  th e  
y e a s t  p r e p a r a t i o n s  to  form  g e r a n y l  p y r o p h o s p h a te .  T h is  i s  due t o  th e  
f a c t  t h a t  th e  f o rm a t io n  o f  g e r a n y l  p y ro p h o s p h a te  i s  a  p r e r e q u i s i t e  t o  
th e  SN^ a t t a c k  o f  2 - c i t r o n e l l o l  th ia m in e  d e r i v a t i v e  _5 on th e  fo rm er  
compound (F ig u re  3 1 - a ) .  The b i o s y n t h e s i s  o f  22 was docum ented by TLC 
com parison  o f  th e  e t h e r  s o l u b l e  f r a c t i o n  o f  t h e  e n z y m a tic  r e a c t i o n  and 
22 i n  a  v a r i e t y  o f  s o l v e n t  sy s te m s  (E x p e r im e n t  3 5 ) .  F u r t h e r  e v id e n c e  
f o r  th e  fo rm a t io n  o f  22_ was p r o v id e d  by t h e  s y n t h e s i s  o f  th e  2 , 4 -  
d in i t r o p h e n y l h y d r a z o n e  (2 ,4 -D )  o f  t h e  e t h e r  s o l u b l e  f r a c t i o n .  The 2 , 4 -  
D d e r i v a t i v e  o f  th e  b i o c h e m i c a l l y  s y n t h e s i z e d  22  ̂ e x h i b i t e d  i d e n t i c a l  
Rj, v a lu e s  w i th  an a u t h e n t i c  sam ple  o f  th e  2 ,4 -D  d e r i v a t i v e  o f  th e  chem­
i c a l l y  s y n t h e s i z e d  22_ (E x p e r im e n t  3 5 ) .
P r e p a r a t i v e  t h i c k  l a y e r  c h ro m a to g rap h y  was em ployed to  s e p a r a t e  
th e  b io c h e m ic a l ly  s y n t h e s i z e d  22_ from  th e  r e s t  o f  th e  e t h e r  s o l u b l e  
f r a c t i o n .  L iq u id  s c i n t i l l a t i o n  o f  t h i s  m a t e r i a l  r e v e a l e d  a  7.6% i n c o r p ­
o r a t i o n  o f  l a b e l e d  g e r a n i o l  i n t o  22  ̂ (E xperim en t 35) . The b i o s y n t h e t i c  
e x p e r im e n t  was r e p e a t e d  f i v e  t im e s  to  a s c e r t a i n  th e  v a l i d i t y  o f  th e  
o b se rv e d  r e s u l t s .
A lthough  a  f a v o r a b l e  p e r c e n t  i n c o r p o r a t i o n  was o b ta in e d  i n  t h e s e  
e x p e r im e n t s ,  i t  i s  p o s s i b l e  t h a t  th e  a c t u a l  i n c o r p o r a t i o n  i s  h i g h e r  th a n  
t h a t  o b se rv e d .  The r e a s o n  b e h in d  t h i s  a rgum ent i s  t h r e e f o l d .  F i r s t ,  
i t  i s  p o s s i b l e  t h a t  t h e  e x p e r i m e n t a l  c o n d i t i o n s  em ployed ( i . e .  pH,
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b u f f e r  c o n c e n t r a t i o n ,  e t c . )  do n o t  r e p r e s e n t  an optimum c o n d i t i o n  f o r  
th e  enzyme a c t i o n .  S ec o n d ,  s i n c e  a  d e t e r g e n t  had  t o  be  u sed  t o  s o l u ­
b i l i z e  g e r a n i o l  i n  th e  b io c h e m ic a l  r e a c t i o n  m i x t u r e ,  some o f  th e  h y d ro ­
ca rb o n s  formed c o u ld  have  b e e n  l o s t  d u r in g  th e  e x t r a c t i o n .  T h i rd  and 
m ost im p o r ta n t  i s  th e  f a c t  t h a t  compound 5̂  h a s  two c e n t e r s  o f  c h i r a l i t y .  
T h e r e f o r e ,  t h i s  s u b s t r a t e  c o u ld  t h e o r e t i c a l l y  e x i s t  i n  f o u r  s t e r e o -  
i s o m e r ic  fo rm s .  A c c o r d in g ly ,  t h e r e  i s  a good p o s s i b i l i t y  t h a t  th e  
enzyme can c o n s p i r e  w i t h  o n ly  one o f  t h e  f o u r  a v a i l a b l e  s t e r e o i s o m e r s  
o f  _5 to  g e n e r a te  Z2_. The f o r e g o in g  argum ent i s  b a s e d  on th e  a s su m p tio n  
t h a t  t h e r e  i s  in d e e d  a s p e c i f i c  enzyme w hich  em ploys 5_ and g e r a n y l  
p y ro p h o sp h a te  as  s u b s t r a t e s  t o  form  2 2 .
A n o th e r  p o s s i b i l i t y  i s  t h a t  t h e  f o r m a t io n  o f  22 i s  b r o u g h t  a b o u t  
by th e  enzyme t h a t  i s  s p e c i f i c  f o r  t h e  c o n d e n s a t io n  o f  I  and g e r a n y l  
p y ro p h o s p h a te  (F ig u re  3 1 - b ) .  T h is  i s  due t o  th e  f a c t  t h a t  5_ may mimic 
th e  f u n c t i o n  o f  I  as a  s u b s t r a t e ,  b e c a u s e  o f  t h e i r  c l o s e  s t r u c t u r a l  
s i m i l a r i t i e s .  I f  t h i s  i s  th e  c a s e ,  lo w e r  i n c o r p o r a t i o n  o f  5_ i n t o  22 
s h o u ld  be  e x p e c te d  due to  th e  a b se n c e  o f  a  d o u b le  bond i n  th e  t e r p e n o id  
s i d e  c h a in  o f  5̂ .
T hus ,  a  g e n e r a l  m echanism  i n v o l v i n g  t h e  p a r t i c i p a t i o n  o f  th ia m in e  
p y ro p h o s p h a te  can b e  p u t  fo re w a rd  f o r  th e  b i o s y n t h e s i s  o f  a r t e m i s i a  
k e t o n e ,  b a k u c h i o l ,  and p r e s q u a le n e  p y r o p h o s p h a te .  I n  an a t t e m p t  t o  
a s s e s s  th e  v i a b i l i t y  o f  th e  p ro p o s e d  m echanism  o f  p r e s q u a le n e  p y ro ­
p h o s p h a te  b i o s y n t h e s i s , an i n v e s t i g a t i o n  i n t o  th e  s y n t h e s i s  o f  a  2 -  
f a m e s y l  th ia m in e  a n a lo g  was u n d e r t a k e n .  The s y n t h e s i s  o f  2 - c i t r o n e l l o l  
th ia m in e  was a c h ie v e d  i n  e x c e l l e n t  y i e l d s .  H owever, a t t e m p t s  t o  sy n ­
t h e s i z e  2 - c i t r o n e l l y l  o r  2 - g e r a n y l  th i a m in e  f a i l e d  due to  th e
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l i m i t a t i o n s  im posed by a )  a c i d  and b a s e  s e n s i t i v i t y  o f  2 - c i t r o n e l l o l  
th i a m i n e ,  b) i n a b i l i t y  o f  N - a l k y l a t i o n  o f  2 - c i t r o n e l l o l  t h i a z o l e ,  and 
c) th e  r e l e a s e  o f  th e  p y r im id in e  m o ie ty  from  th e  c o r r e s p o n d in g  k e to n e  
o f  2 - c i t r o n e l l o l  th i a m in e  d u r in g  th e  r e d u c t i o n  o f  th e  c a rb o n y l  
f u n c t i o n .
Due to  th e  d i f f i c u l t i e s  e n c o u n te r e d  i n  th e  s y n t h e s i s  o f  a  2 -  
f a m e s y l  th i a m in e  a n a l o g ,  th e  a t t e n t i o n  was s h i f t e d  to  th e  s y n t h e s i s  
o f  compounds t h a t  c o u ld  s e r v e  to  i l l u s t r a t e  th e  p ro p o s e d  b i o s y n t h e t i c  
scheme o f  a r t e m i s i a  k e to n e  and b a k u c h i o l .  S u b s e q u e n t ly ,  th e  is o m e r ­
i z a t i o n  o f  h y d r o x y e th y l th i a m in e  (HET) t o  i t s  c o r r e s p o n d in g  k e to n e  was 
s t u d i e d  and a  new method f o r  th e  g e n e r a t i o n  o f  t h i s  compound i n  good 
y i e l d s  was d e v e lo p e d .  I t  was a l s o  d i s c o v e r e d  t h a t  th e  u se  o f  a p r o t i c  
s o l v e n t ,  su ch  as  e t h a n o l ,  i n  t h i s  i s o m e r i z a t i o n  r e s u l t s  i n  th e  r e l e a s e  
o f  a c e ta ld e h y d e  and t h e  fo rm a t io n  o f  t h i a m i n e .  A m echanism  was th e n  
p ro p o se d  f o r  th e  e x p l a n a t i o n  o f  t h i s  o b s e r v a t i o n  w hich  in v o lv e d  th e  
n u c l e o p h i l i c  a t t a c k  o f  e t h a n o l  on th e  C-2 o f  th e  t h i a z o l e  r i n g .
The a v a i l a b i l i t y  o f  HET k e to n e  p rom pted  a  s tu d y  o f  enam ine a l k y l ­
a t i o n  o f  t h i s  compound v i a  k e t o - e n o l  t a u t o m e r i z a t i o n .  I t  was s u b s e ­
q u e n t ly  d i s c o v e r e d  t h a t  a t  h i g h e r  t e m p e r a tu r e s  th e  HET k e to n e  u n d e r ­
goes an i n t r a m o l e c u l a r  a t t a c k  o f  th e  p r im a ry  amine on th e  N -0 k e t a l  
o f  th e  p e r h y d r o f u r o  r i n g .  The a c i d  t r e a tm e n t  o f  th e  t r i c y c l i c  com­
pound o b ta in e d  and i t s  p r e c u r s o r  HET k e to n e  was shown t o  r e s u l t  i n  th e  
fo rm a t io n  o f  th ia m in e  and th e  r e l e a s e  o f  a c e t a l d e h y d e .  A mechanism 
was p ro p o s e d  f o r  th e  e x p l a n a t i o n  o f  th e  o b s e rv e d  phenomena.
The method d e v e lo p e d  f o r  th e  fo rm a t io n  o f  HET k e to n e  from HET 
was th e n  a p p l i e d  to  th e  i s o m e r i z a t i o n  o f  2 - c i t r o n e l l o l  th ia m in e  to  i t s
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c o r r e s p o n d in g  k e t o n e .  The a v a i l a b i l i t y  o f  th e  l a t t e r  compound was th e n  
e x p l o i t e d  i n  th e  s y n t h e s i s  o f  i t s  t e r t i a r y  a l c o h o l  d e r i v a t i v e s  v i a  
G r ig n a rd  r e a c t i o n s .  The o x id a t io n  o f  th e  p e r h y d r o f u r o  r i n g  o f  th e  
t e r t i a r y  a l c o h o l s  o b ta in e d  r e s u l t e d  i n  th e  r e l e a s e  o f  th e  t e r p e n o i d  
k e to n e  and th e  fo rm a t io n  o f  th ia m in e .
Once th e  fo rm a t io n  and th e  r e l e a s e  o f  th e  t e r t i a r y  a l c o h o l  d e r i v ­
a t i v e s  o f  th ia m in e  was shown on th e  b a s i s  o f  a  c h e m ic a l  model s y s te m ,  
i t s  v i a b i l i t y  i n  b i o l o g i c a l  sy s tem s  was i n v e s t i g a t e d .  A c c o rd in g ly ,  
2 - c i t r o n e l l o l  th ia m in e  and t r i t i u m  l a b e l e d  g e r a n i o l  w ere u sed  as 
s u b s t r a t e s  i n  c e l l - f r e e  y e a s t  p r e p a r a t i o n s .  I t  was s u b s e q u e n t ly  shown 
t h a t  th e  y e a s t  enzyme sy s te m  i s  c a p a b le  o f  i r r e g u l a r  c o n d e n s a t io n  o f  
th e  two C t e r p e n o id s  v i a  th e  fo rm a t io n  o f  th e  t e r t i a r y  a l c o h o l  d e r i v ­
a t i v e s  o f  th ia m in e  and th e  s u b s e q u e n t  r e l e a s e  o f  th e  t e r p e n o id  
k e to n e .  The p r o o f  f o r  th e  b i o s y n t h e s i s  o f  th e  l a t t e r  compound was 
a c h ie v e d  by i t s  c h e m ic a l  s y n t h e s i s  and th e  TLC com parison  o f  th e  
b io c h e m ic a l l y  and th e  c h e m ic a l ly  s y n th e s i z e d  compound and t h e i r  2 , 4 -
d in i t r o p h e n y lh y d ra z o n e  d e r i v a t i v e s  i n  a  v a r i e t y  o f  s o l v e n t  s y s te m s .
3
F u r th e rm o re ,  th e  p r e s e n c e  o f  H - la b e l  i n  th e  C^q t e r p e n o id  k e to n e
o b ta in e d  from y e a s t  p r e p a r a t i o n s  was i n d i c a t i v e  o f  i n c o r p o r a t i o n  o f  
3
H - g e r a n io l  i n t o  th e  fo rm e r  compound.
In  c o n c l u s i o n ,  th e  i l l u s t r a t i o n  o f  th ia m in e  c a t a l y z e d  b i o s y n t h e s i s  
o f  th e  i r r e g u l a r  C^q t e r p e n o i d  k e to n e  l , 1 0 - d i i s o p e n t e n y l - 3 , 4 - d i h y d r o -  
a r t e m i s i a  k e t o n e ,  22_, p r o v id e s  d e f i n i t e  s u p p o r t  f o r  th e  p ro p o s e d  b i o ­
s y n t h e t i c  scheme o f  a r t e m i s i a  k e to n e  and b a k u c h i o l .  The f a c t  t h a t  th e  
y e a s t  enzyme s y s te m  i s  c a p a b le  o f  u t i l i z i n g  2 - c i t r o n e l l o l  th ia m in e  i s  
i n  ac c o rd a n c e  w i th  th e  fo rm a t io n  o f  i n t e r m e d i a t e  I  i n  th e  s u g g e s te d
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b i o s y n t h e t i c  pa thw ays  (F ig u re s  13 and 1 4 ) .  F u r th e rm o re ,  th e  b io c h e m ic a l  
f o rm a t io n  o f  1 , 1 0 - d i i s o p e n t e n y l - 3 , 4 - d i h y d r o a r t e m i s i a  k e t o n e ,  22 , 
i l l u s t r a t e s  a) t h a t  th e  y e a s t  enzyme s y s te m  e x p l o i t s  th e  s e r v i c e s  o f  
th i a m in e  t o  a c h ie v e  th e  i r r e g u l a r  c o n d e n s a t io n  o f  t h e  two C^q t e r p e n o i d
a
m o i e t i e s  v i a  an enam ine SN^ a t t a c k  and b) th e  t e r t i a r y  a l c o h o l  form ed 
i s  r e l e a s e d  w i th  th e  fo rm a t io n  o f  th e  C20 i r r e g u l a r  t e r p e n o i d  k e to n e  and 
th ia m in e  p y ro p h o s p h a te .
The p r e s e n c e  o f  l a b e l  i n  th e  C^q i r r e g u l a r  t e r p e n o i d  k e to n e  
p r o v id e s  d e f i n i t e  p r o o f  f o r  th e  p a r t i c i p a t i o n  o f  g e r a n i o l  i n  th e  conden­
s a t i o n  r e a c t i o n .  The p a r t i c i p a t i o n  o f  2 - c i t r o n e l l o l  th ia m in e  i n  t h i s  
r e a c t i o n  c o u ld  be  f u r t h e r  a s c e r t a i n e d  by l a b e l i n g  th e  t e r p e n o i d  s i d e  
c h a in  o f  t h i s  compound.
The f i n a l  p r o o f  f o r  th e  v a l i d i t y  o f  th e  p ro p o s e d  mechanism o f  
b i o s y n t h e s i s  o f  a r t e m i s i a  k e to n e  and b a k u c h i o l  w ould  in v o lv e  th e  sy n ­
t h e s i s  o f  l a b e l e d  i n t e r m e d i a t e  I  (F ig u r e s  13 and 1 4 ) .  I n  th e  c a s e  o f  
a r t e m i s i a  k e t o n e ,  t h i s  c o u ld  be  a c h ie v e d  by s u b j e c t i n g  3 - m e th y l - 2 -  
b u t e n e - l - a l  to  th e  same t r i t i u m - h y d r o g e n  exchange  p ro c e d u re  as  em ployed 
in  E x p e r im en t 35. The t r i t i a t e d  a , B - u n s a t u r a t e d  a ld eh y d e  o b t a i n e d  
c o u ld  th e n  be s u b j e c t e d  to  c a t a l y t i c  h y d r o g e n a t io n .  T h is  w ould  l e a d  
to  th e  fo rm a t io n  o f  t r i t i a t e d  i s o v a l e r a l d e h y d e . The l a t t e r  a ld e h y d e  
c o u ld  th e n  be condensed  w i th  th ia m in e  u s in g  t h e  p r o c e d u r e  d e s c r ib e d  
i n  E x p er im en t 1 . The c o n d e n s a t io n  r e a c t i o n  l e a d s  to  th e  fo rm a t io n  o f  
t r i t i a t e d  i n t e r m e d i a t e  I  (F ig u re  1 3 ) .  T h is  compound may th e n  be  f e d  t o  
A r t e m i s i a  a n n u a . The a r t e m i s i a  k e to n e  o b ta in e d  from  th e  l a t t e r  e x p e r i ­
ment sh o u ld  c o n t a in  t r i t i u m  a t  c a rb o n s  number 1 and 8 (F ig u re  1 3 ) .
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In  th e  c a se  o f  b a k u c h i o l ,  th e  s y n t h e s i s  o f  t r i t i u m  l a b e l e d
2 -£ -h y d ro x y p h e n o l  e t h a n a l  i s  r e q u i r e d .  T h is  c o u ld  be done by th e
l a b e l i n g  o f  th e  a r o m a t ic  r i n g  i n  th e  p r e s e n c e  o f  t r i t i u m  o x id e  and 
180 181
p la t in u m .  ’ The t r i t i a t e d  a ld eh y d e  form ed can th e n  be  u sed  to
a l k y l a t e  th i a m i n e ,  l e a d i n g  to  th e  fo rm a t io n  o f  t r i t i a t e d  i n t e r m e d i a t e
I  (F ig u re  1 4 ) .  T h is  compound may th e n  be  f e d  t o  P o s o r a l e a  c o r y l i r o l i a .
182The b a k u c h io l  o b t a in e d  from th e  e x t r a c t i o n  o f  f r e s h  m a tu re  s e e d s  o f  
t h i s  p l a n t  s h o u ld  c o n t a in  t r i t i u m  l a b e l  i n  i t s  a r o m a t i c  m o ie ty .
As d i s c u s s e d  p r e v i o u s l y ,  th e  p ro p o s e d  m echanism  o f  b i o s y n t h e s i s  
o f  a r t e m i s i a  k e to n e  can r e a d i l y  e x p l a i n  th e  r e c e n t  l a b e l i n g  s t u d i e s  o f  
t h i s  i r r e g u l a r  t e r p e n e .  The mechanism p ro p o s e d  can a l s o  be  e x te n d e d  to  
e x p l a i n  th e  b i o g e n e s i s  o f  b a k u c h i o l .  A nalogous r e a c t i o n s  t o  th e  ones 
p ro p o sed  i n  th e  f o rm a t io n  o f  t h e s e  i r r e g u l a r  t e r p e n e s  can be found in  
w e l l  e s t a b l i s h e d  b io c h e m ic a l  p a th w a y s .  A number o f  su ch  exam ples  w ere 
d i s c u s s e d .  The e x t e n s i o n  o f  t h i s  mechanism t o  th e  b i o s y n t h e s i s  o f  p r e ­
s q u a le n e  p y ro p h o s p h a te ,  h ow ever ,  c o n t a in s  two t ro u b le so m e  a s p e c t s .  The 
f i r s t  a s p e c t  c o n c e rn s  th e  c le a v a g e  o f  a  c a r b o n - c a r b o n  bond r e s u l t i n g  i n  
th e  r e l e a s e  o f  th ia m in e  and th e  f o rm a t io n  o f  t h e  c y c lo p ro p a n e  r i n g .
Only a few exam ples  o f  such  c a rb o n -c a rb o n  bond  c l e a v a g e  e x i s t  i n  th e  
ch e m ic a l  l i t e r a t u r e .  F u r th e rm o re ,  th e  e x t e n s i o n  o f  s u ch  exam ples  to  
th e  p ro p o s e d  mechanism w ould  be p re m a tu re  w i t h o u t  f u r t h e r  i n v e s t i g a t i o n .  
The s e co n d  s h o r tc o m in g  o f  th e  p ro p o s e d  b i o s y n t h e t i c  scheme o f
p r e s q u a le n e  p y ro p h o s p h a te  f o rm a t io n  f i n d s  i t s  o r i g i n  i n  th e  r e c e n t
163o b s e r v a t i o n s  o f  P o p ja k .  T h is  i n v e s t i g a t o r  h a s  p ro p o s e d  t h a t  th e  
p y ro p h o s p h a te  group o f  one o f  th e  f a m e s y l  p y r o p h o s p h a te s  i s  n o t  
r e l e a s e d  d u r in g  th e  c o n d e n s a t io n  r e a c t i o n .  A p a r t i a l  e x p l a n a t i o n  f o r
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t h i s  o b s e r v a t i o n  may be  g iv e n  by c o n s i d e r i n g  th e  p y ro p h o s p h a te  t h a t  
a t t a c k s  t h e  h o m o a l ly l i c  ca rb o n iu m  i o n  o f  t h e  p ro p o se d  scheme ( F ig u r e  
15) a s  one o f  th e  p y r o p h o s p h a te s  t h a t  w ere  o r i g i n a l l y  d i s p l a c e d  by th e  
SN^ a t t a c k s .  T h is  may be  p o s s i b l e  by  c o n s i d e r i n g  a )  t h e  i o n i c  
a t t r a c t i o n  be tw een  t h e  p o s i t i v e l y  c h a rg e d  t h i a z o l i u m  r i n g  and th e  
n e g a t i v e l y  c h a rg e d  p y r o p h o s p h a te  m o le c u le  and b )  t h e  c l o s e  p r o x im i ty  
o f  t h e  r e l e a s e d  p y ro p h o s p h a te  m o le c u le  t o  t h e  r e a c t i o n  c e n t e r  a t  th e  
a c t i v e  s i t e  o f  t h e  enzyme.
I t  i s  c l e a r  from  th e  above d i s c u s s i o n  t h a t  f u r t h e r  i n v e s t i g a t i o n  
c o n c e r n in g  th e  p ro p o s e d  b i o s y n t h e t i c  scheme o f  p r e s q u a l e n e  p y ro ­
p h o s p h a te  i s  n e c e s s a r y .  An u n e q u iv o c a l  p r o o f  o f  t h e  s u g g e s t e d  p a t h ­
way r e q u i r e s  th e  s y n t h e s i s  o f  a  2 - f a m e s y l  t h i a m in e  a n a l o g .  From t h e  
p r e v io u s  d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  t h e  s y n t h e s i s  o f  t h i s  a n a lo g  h a s  
t o  i n v o l v e  an i n t a c t  th i a m in e  m o ie ty  s i n c e  t h e  U - a l k y l a t i o n  o f  th e  
c o r r e s p o n d in g  2 - f a m e s y l  t h i a z o l e  d e r i v a t i v e  a p p e a r s  t o  be  u n l i k e l y .  
A c c o r d in g ly ,  th e  employment o f  2 - c i t r o n e l l o l  th i a m in e  k e to n e  f o r  th e  
s y n t h e s i s  o f  a  2 - f a r n e s y l  th i a m in e  a n a lo g  seems j u s t i f i a b l e .
An a t t r a c t i v e  p o s s i b i l i t y  i n v o l v e s  t h e  r e d u c t i o n  o f  t h e  c a r b o n y l
f u n c t i o n  o f  2 - c i t r o n e l l o l  th i a m in e  k e to n e  ( F ig u r e  3 2 ) .  T h is  w ould
r e s u l t  i n  t h e  f o r m a t io n  o f  t h e  c o r r e s p o n d in g  s e c o n d a ry  a l c o h o l .  The
h y d ro x y l  f u n c t i o n  may th e n  b e  r e p l a c e d  by a  h y d r id e  u s in g  a  v a r i e t y  o f
183—189a v a i l a b l e  m ild  c o n d i t i o n s .  T h is  w ould  l e a d  t o  t h e  f o rm a t io n  o f
2 - c i t r o n e l l y l  p e r h y d r o f u r o th i a m i n e  a n a l o g .  The l a t t e r  compound c o u ld  
th e n  b e  o x id i z e d  w i th  i o d i n e  to  r e g e n e r a t e  t h e  a r o m a t i c  c h a r a c t e r  o f  
th e  t h i a z o l e  r i n g  w i th  s u b s e q u e n t  f o r m a t io n  o f  2 - c i t r o n e l l y l  th i a m in e  
( F ig u r e  3 2 ) .  The o n ly  d i s a d v a n t a g e  o f  t h i s  compound w ould  be  th e
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ab s e n c e  o f  a  do u b le  bond a t  th e  t e r t i a r y  c a rb o n  o f  t h e  t e r p e n o i d
m o ie ty .  On t h e  o t h e r  h a n d ,  i t  i s  p o s s i b l e  t o  assume t h a t  2 - c i t r o n e l l y l
th ia m in e  c o u ld  mimic t h e  f u n c t i o n  o f  2 - g e r a n y l  th ia m in e  b e c a u se  o f  i t s
c l o s e  s t r u c t u r a l  re s e m b la n c e  t o  t h e  l a t t e r  compound. A lthough  th e
re q u i r e m e n t  o f  p r e s q u a le n e  p y ro p h o s p h a te  s y n t h e t a s e  h a s  b een  shown t o
190be s t r i n g e n t  w i th  r e s p e c t  to  t h e  c h a in  l e n g t h  o f  t h e  t e r p e n e  u s e d ,  
s h o r t e r  t e r p e n e s  h ave  b e e n  shown to  be i n c o r p o r a t e d  i n t o  t h e i r  p r e ­
s q u a le n e  a n a lo g s  i n  r e l a t i v e l y  lo w e r  y i e l d s .  T h e r e f o r e ,  th e  2 -  
c i t r o n e l l y l  th ia m in e  o b ta in e d  from  th e  s u g g e s t e d  s y n t h e t i c  p a t h  c o u ld  
be exam ined f o r  i t s  i n c o r p o r a t i o n  i n t o  th e  c o r r e s p o n d in g  p r e s q u a le n e  
p y ro p h o s p h a te  a n a lo g .
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